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INTRODUCTION 


This study presents a statistical comparison of certain morphological and 
and physiological differences among chromosome races of Sedum pulchellum 
Michx. with the variation within the races. Several experiments were per- 
formed to compare characteristics that may be important in natural selection. 

Miintzing (1936) published a comprehensive summary of the investiga- 
tions on autopolyploidy as related to the much-debated question of the evo- 
lutionary importance of autopolyploidy. From his survey he coneluded that 
natural as well as experimental polyploids differ from the related diploids 
in the following respects: thickness of stem and leaves, size of leaves and 
flowers, color of leaves, size of seeds, and size of cells. The tetraploids are 
nearly always found to be larger than the diploids in one or many of these 
characteristics, although in some eases the differences are minute. 

For some time after the discovery of the occurrence of polyploidy, nearly 
all attention was focused on the morphological changes produced by chromo- 
some doubling. Although it is evident that there must be some physiological 
difference underlying a morphological difference, it is only within fairly 
recent vears that there have been any investigations on the physiological 
consequences of polyploidy. It was early observed that polyploids had a 
slower rate of growth than related diploids. Since about 1930 various differ- 
ences have been discovered: differences in osmotic pressure, water content, 
vitamin content, chemical constitution, and others. 


1Tn 1942-43 and 1943-44 the research here presented was earried on during the 
tenure of a Horace H. Rackham Pre-Doctoral Fellowship. 

The writer expresses her gratitude to Dr. J. T. Baldwin, Jr., who suggested this 
problem, made the material available, and directed the early experimental work; to 
Professor E. B. Mains for his aid and suggestions during the completion of the investi 
gation and the preparation of the manuscript; and to Professor F. G. Gustafson for 
advice concerning physiological aspects of the research and for use of the facilities of 
the physiology laboratory. She is indebted also to Professor C. C. Craig for helpful 
suggestions concerning the statistical analysis, and to Professor H. H. Bartlett for 
critically reading the manuscript. 

Publication was assisted by a contribution by Mrs. O. J. Smith, Caldwell, Idaho; and 
by the Lucien Mareus Underwood Memorial Fund. Papers from the Department of 
Botany, University of Michigan, No. 831. : 

2A posthumous work submitted for publication with only minor editorial changes 
from the form originally used for a doctoral dissertation. 
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[t might be expected that the physiological difference of polyploids would 
result in their adaptability to habitats ecologically different from those of 
the diploids. This has been found to be true whenever the ecology and disfri- 
bution of polyploids have been studied. Some authors have concluded that 
polyploids are better able to withstand adverse conditions than are related 
diploids and are therefore to be found in more unfavorable habitats such as 
the far north, high mountains, or desert (Hagerup 1932, Erlanson 1934, 
Manton 1934, Tischler 1939). Opposed to this hypothesis are certain investi- 
gators who have found that in some species, the diploids occur farther north 
or in less favorable habitats than the tetraploids (Clausen, Keck & Hiesey 
1940, Bowden 1940, Giles 1942, Perry 1943). 

Another point of argument is the evolutionary significance of autopoly- 
ploidy. Miintzing (1936) concluded that autopolyploidy has played a very 
important role in plant evolution because chromosome doubling leads to 
altered morphological and physiological characteristics, enables the poly- 
ploid races to occupy new habitats, and raises barriers of incompatibility 
and sterility so that evolution may proceed within the new races in different 
directions. Contrasted with this is the view of Stebbins (1942) who believes 
that the chief effect of polyploidy has been to bring about wider distribution 
of genera and to preserve relics of old families and genera. According to 
Dobzhansky (1941), polyploidy has the effect of suppressing evolution by 
mutation, since it retards the expression of mutations and thus delays natu- 
ral selection. 

MATERIAL 


This investigation of autopolyploidy in Sedum pulchellum covered three 
naturally occurring chromosome races collected from representative locali- 
ties throughout the geographic range of the species. The plants were made 
available through the courtesy of Dr. J. T. Baldwin, Jr., who made the 
chromosome counts in the fall of 1941 (Baldwin, 1943). The exact sources 
of the plants and their collectors are listed by that author. Twenty collections 
of the diploid race were studied, sixteen of the tetraploid, and three of the 
hexaploid, The plants were grown under uniform conditions in the Univer- 
sity of Michigan Botanical Gardens. , 

Plants grown from seed from the various collections are designated as 
different selections. At least ten plants of each selection were grown singly 
in separate pots each year. All the data presented were based on these plants. 
Before the time of flowering in the spring, each selection was isolated to 
prevent cross pollination. 


GENERAL DEVELOPMENT OF SEDUM PULCHELLUM 


In the earliest seedling stages it was apparent that the diploid plants 
were less robust than the polyploids. During the first few weeks there seemed 
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to be a correlation between chromosome number and height of seedling. The 
cotyledons of the polyploids appeared to be thicker, although not much 
larger in area than those of the diploids. Each of the three races produced a 
characteristic set of primary juvenile leaves, two fairly short ones and two 
much longer. The leaves had long petioles; the blades were approximately 
orbicular. There was a tendency for the apices of the leaves of the diploids 
and the hexaploids to be slightly indented or notched, whereas in the tetra- 
ploids the apices were often slightly pointed. Other primary leaves were 
similar to but smaller than the basal leaves (fig. 1). 

Rosettes of secondary juvenile leaves were formed when the plants were 
about two or three months old. These showed a gradual gradation from the 
petiolate, orbicular, primary leaves to the spatulate leaves that were typical 
of most of the later juvenile development. 

Throughout the early stages the diploid plants were the smallest. The 
hexaploids were likely to be rather straggly with long branches and with the 
leaves spaced rather far apart. The branches of the tetraploids were typically 
more numerous but shorter than those of the hexaploids, and the leaves 
were more densely crowded together, giving the plants a more compact 
appearance. , 

The diploids suddenly showed a marked increase in the rate of develop- 
ment when they were about five months old. The spatulate leaves were 
replaced by linear non-petiolate leaves characterized by two short spurs at 
the point of attachment to the stem (fig. 1). The tetraploids were the second 
to undergo this rapid development, and they were soon followed by the hexa- 
ploids. The diploids were the first to flower, being about twelve days before 
the tetraploids and sixteen days before the hexaploids. 

Although flowers were produced in April and May, many of the seeds 
were not ripe until late summer. Plants from seed sown early in January 
flowered at about the same time as those from seed sown in October. 

In spite of frequent dusting with sulfur, many of the plants became 
badly infected with a fungus, a species of Botrytis. No difference in suscepti- 
bility of the races was observed ; all three were readily attacked. 

There was very poor germination of the seeds planted in the fall of 1942, 
and many of the selections were lost. The general growth and development 
were greatly retarded and abnormal during that year because of the unusu- 
ally late and rainy spring. During the two spring seasons when the weather 
was normal the diploids were the first to produce secondary juvenile leaves 
as well as the first to produce mature leaves, but during the rainy spring of 
1943 the tetraploids and hexaploids produced secondary juvenile leaves be- 
fore the diploids. Even in that unusual year the diploids produced mature 
leaves before the other two races, and the hexaploids were the last to develop 
mature leaves. As a result of the high humidity prevailing throughout the 
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Fic. 1. Different stages of development of the three chromosome races of Sedum 
pulchellum at the same age. Upper: juvenile stage showing broad primary leaves. Left 
to right, diploid, tetraploid, hexaploid; January 21, 1942. Lower: later development. Left 
to right, diploid in flower, mature leaves; tetraploid with secondary juvenile leaves; 


hexaploid with some secondary and many broad primary juvenile leaves; April 10, 1942. 
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spring, damage by Botrytis was especially serious, and many of the plants 
were killed. 

Although it is normal for 8. pulchellum to flower in the spring and die 
after the seeds ripen, in 1943 many of the plants remained vegetative 
throughout the summer and part of the following winter. In November, 1943, 
there were plants of two selections of diploids, five of tetraploids, and two 
of hexaploids still growing. During the winter some of these produced flowers 
and seeds. Some of the plants were still in a vegetative state as late as March, 
1944. 

Baldwin (1943) has remarked that there has been some confusion whether 
S. pulchellum is always an annual or whether it can be a perennial. The fact 
that unusual weather in the spring so prolonged the vegetative state of the 
plants grown in the greenhouse suggests that it is possible that in rare 
instances in nature some plants might live through the summer in a vege- 
tative phase and thus give rise to the idea that S. pulchellum is sometimes 
a perennial.* 

MORPHOLOGY 


Most of the morphological characteristics that have been found to be 
typical of polyploids were first observed in the gigas forms of Oenothera 


Lamarckiana, Lycopersicum esculentum (Solanum Lycopersicum), and 
Solanum nigrum (de Vries 1906, Gates 1915, Winkler 1916). The tetraploids 


had thicker stems, broader and thicker leaves, larger cells, and larger flowers 
and seeds. The chloroplasts of the tetraploids of Solanum were found to be 
larger and more numerous than those of the diploids. 

From his survey of the morphological differences found in intraspecific 
chromosome races of forty-eight species, Miintzing (1936) coneluded that 
nearly all the species consist of races that are morphologically different. The 
differences are slight in most cases, for if the races differed strikingly they 
would probably be classified as distinct species. 

According to Randolph (1941) most autotetraploids are not giant forms, 
although they are usually a little sturdier and more robust than the diploids. 
Tradescantia caniculata and T. occidentalis have diploid and tetraploid races 
which cannot be classified by appearance alone (Anderson & Sax 1936). 
However, after cytological study has revealed the identity of the races, it is 

3 In 1935, on limestone cliffs near Lawrenceburg, Lawrence Co., Tennessee, Dr. Edgar 
T. Wherry found a population of S. pulchellum with all the plants bearing ‘‘ obviously 
perennating shoots from the bases of the old stems’’ (letter of September 7, 1945, from 
Doctor Wherry). Individuals transplanted to Philadelphia, Pennsylvania, have maintained 
that characteristic, as has a clump of that collection grown at The Blandy Experimental 
Farm. The plants are tetraploid: 2n—14, n—22; meiosis is entirely regular. This is an 
interesting example of the development of a perennial habit from an annual one. About 
ten years ago there was in the trade in this country a perennial form of 8. pulchellum for 


which an approximate count of 44 somatic chromosomes was made. J, T. Baldwin, Jr., 
June, 1946. 
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possible to see that the tetraploids are a little larger and somewhat easier to 
grow under varying conditions. Erlanson (1929) found that diploid Ameri- 
can roses are larger than related polyploid species. 

In the three chromosome races of 8S. pulchellum, although the mature 
plants grown under uniform conditions are morphologically quite similar, 
the juvenile plants show more pronounced differences. Measurements were 
made of both juvenile and mature plants to determine the effect of poly- 
ploidy on the morphology of this species. 

To insure that all measurements would be made on plants of comparable 
stages of development, two readily determined developmental stages were 
chosen. Sizes of primary leaves and the diameter of the juvenile stem were 
measured when the secondary juvenile leaves first began to appear. All mea- 
surements of the mature plants were made within a day of the opening of 
the first flower of the plant. 


Leaf Size. Mature leaves of the three races were measured during the 
spring of 1942. Five leaves of each plant were measured with calipers, and 
the leaves of at least four plants of each selection were measured when possi- 
ble. The measurements of length were from the tip of the leaf to the point 
of attachment between the awl-shaped spurs at the base of the leaf. The mean 


values of length of mature leaves are given in table 1. 


TABLE 1. Mature leaves of Sedum pulchellum. 


Race: Diploid Tetraploid Hexaploid 


Number of leaves : 169 90 
Number of selections . | 12 3 
Mean length> (mm.) 10.497 + .181 10.134 + .188 8.860 
Mean widthe (mm.) 1.63 + .0192 57 +.0219 1.84 


Mean ratio of length to width¢ 6.53 + .102 | 6.55 +.128 4.86 


218 
0241 
117 


edd 


2% ‘ 





i+ 1+ 1+ 1+ 


Mean thickness¢ (mm. ) 0.839 + .0105 0.919 + .0175 1.103 


* 170 leaves were used for the measurements of length. 

bF=29.7; at 1% level of significance F=4.66: differences statistically highly 
significant. 

¢F=25.04; at 1% level of significance F= 4.66: differences statistically highly 
significant. 

dF = 20.389; at 1% level of significance F = 4.66: differences statistically significant. 

eF=54.28; at 1% level of significance F=4.66: differences statistically highly 
significant. 

The statistical analyses in this paper are all based on the analysis of 
variance as outlined by Snedecor (1934, 1940). The F value is a measure of 
the ratio of the variation among races to the variation within races. This test 
of significance was used to determine whether chromosome number has any 
influence on the character being measured. In most of the tables the standard 
errors of the means are given so that it is possible to test the significance of 
the difference of any two means by the standard f test. 





1946] SMITH: SEDUM PULCHELLUM 501 


Although leaves of the diploids and the tetraploids are nearly the same 
length, the leaves of the hexaploids are considerably shorter. 

A graph of the frequency distribution of the lengths of mature leaves 
of the three races is presented in figure 2. Figure 3 is a histogram of the 
frequency of occurrence of leaf sizes in the sample of the species as a whole 
with classes arithmetically equal. This graph shows a marked skewness. How- 
ever, with such a high F value it is safe to conclude that the differences 
among means are statistically significant in spite of the skewness. 


PER CENT 
FREQUENCY 


50 
D/IPLO/D 
~x-x— TETRAPLOID 


HEXAPLOID 


8.§ 12.5 16.5 205 245 
LENGTH /N MM. 


Fig. 2. Relative frequencies of lengths of 264 mature leaves of diploid plants of Sedum 
pulchellum, 170 of tetraploids, and 90 of hexaploids. 


There are at least two possible explanations of this skewness. It is possible 


that in selectin? leaves to be measured there was an unconscious selection of 
larger leaves. This would result in the kind of population graph obtained. 
In an attempt to avoid such selection, on each plant one of the largest and 
one of the smallest leaves were measured. The other three were chosen at 
random. Nevertheless, the possibility of unconscious selection of larger leaves 
cannot be ignored. 

Sinnott (1937) suggested that such a skew curve might be expected in 
a population genetically heterogeneous for size, such as in an F, population, 
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in which the effect of a given gene increases in proportion to the effective- 


ness of the rest of the genotype. He suggested that the best way to plot such 
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Fic. 3. Distribution of lengths of 524 mature k 
arithmetically equal. Fic. 4. Distribution of lengths of 524 mature leaves in classes loga- 
rithmically equal. Fic. 5. Relative frequencies of widths of 264 mature leaves of diploids, 
169 of tetraploids, and 90 of hexaploids. Fic. 6. Distribution of widths of 523 mature 
leaves of the three races. 


saves of Sedum pulchellum in classes 


a distribution would be to plot the logarithms of the values. In polyploidy, 
although the relation of chromosome number to cell size may be a direct 


arithmetic one as in pollen grains, in highly vacuolate plant cells the relation 
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is a geometric one (Sinnott & Dunn 1935). Here again a graph based on 


logarithms would be warranted. Figure 4 is a histogram of the frequency 
distribution of leaf lengths plotted with classes logarithmically equal to 
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Fic, 7. Mean widths of leaves of different selections of the three races of Sedum pul- 
chellum. The height of the bar represents the mean width of the culture; the width of the 
bar is proportional to the number of leaves on which the mean is based. Fie. 8. Mean 
length of leaf of each selection. The height of the bar represents the mean length of leaf 
of the selection; the width of the bar is proportional to the number of leaves on which 
the mean is based. 
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The mean values for width of leaves of the three races are given in table 1. 
Figure 5 shows the distribution of leaf widths in each of the three races, and 
figure 6 is a histogram of the distribution of all the leaves of the sample. 

The data on leaf dimension were further analyzed to determine whether 
the means of the selections within each race were significantly different. 
Figures 7, 8, arid 13 show the means of width, length, and thickness respec- 
tively. In these graphs, the height of a bar represents the mean value of that 
selection line, and the width of the bar is proportional to the number of leaves 
on which the mean is based. In each race the differences among the means of 
the selections are statistically significant for all three dimensions. 

Turesson (1922) found that a species may be subdivided into smaller 
groups known as ecotypes, which are adapted for life in particular kinds of 
habitats. As the ecological conditions for the collections of S. pulchellum 
were not reported, it is uncertain whether the collections represent true eco- 
types or whether their differences arose by chance fixation of genes (Dob- 
zhansky 1941, Wright 1940). 

Data on the ratios of length to width of mature leaves are given in table 1 
and figures 9 and 10. Although the ratios of length to width of leaves of the 
diploids and tetraploids are almost the same, the average ratio of the hexa- 
ploids is quite different from those of the other two races. The leaves of the 
hexaploids are much broader in proportion to their length than are the leaves 
of the diploids and tetraploids. 

Although the leaves of polyploids are often broader in proportion to their 
length than the leaves of related diploids, as in Lycopersicum (Winkler 
1916) and sugar beets (Rasmusson & Levan 1939), this is not always true. 
In 8. pulchellum this attribute of polyploidy is not found in the tetraploids 
but is striking in the hexaploids. In some varieties of Nicotiana the tetra- 
ploids and diploids do not differ in the ratio of length to width, and in one 
variety the tetraploids are narrower in proportion to the length than are the 
diploids (Noguti, Oka & Otuka 1939-40). 

An increase in leaf thickness is one of the most universal results of chro- 
mosome doubling. Table 1 and figures 11 and 12 summarize the data on thick- 
ness of mature leaves of 8S. pulchellum. 

Leaves of tetraploids are almost always thicker than the leaves of dip- 
loids, even if the other dimensions of the leaves are unchanged or decreased 


Explanation of figures 9-13 

Fic. 9. Relative frequencies of ratios of length to width of mature leaves of Sedum 
pulchellum, based on 264 leaves of diploid plants, 169 of tetraploids, 90 of hexaploids. 
Fig. 10. Distribution of ratios of length to width of 523 mature leaves of the three races. 
Fic. 11. Relative frequencies of thickness of 264 mature leaves of diploids, 169 of tetra- 
ploids, 90 of hexaploids. Fic. 12. Distribution of thickness of 523 mature leaves of the 
three races. Fig. 13. Mean thickness of leaves of different selections of the three races. 
The height of the bar represents the mean thickness of leaves of the selection; the width 
of the bar is proportional to the number of leaves on which the mean is based. 





1946) SMITH: SEDUM PULCHELLUM 


| PER CENT 
e] FREQUENCY 


45 FREQUENCY 
and 


DIPLOID 
-«—"— TETRAPLOID 
HEXAPLOIO 
ther 
ent. 
eC- 
that 


ives 


s of 


iller 





s of 
lum 
eco- 


Yob- 


3 3 7 9 
10 RATIO: LENGTH TO WIDTH 


PER CENT FRE QUENCY 
FREQUENCY 
ple 1 4s “2 


the DIPLOIO 
exa- —a—«~ TETRAPLOID 


HEXAPLOIO 
the 


AvVeS 


heir 
kler 
rue. 
oids 
‘tra- 

one 


the 0 
065 1.05 i 7 O75 14S 455 
THICKNESS iN MM. THICKNESS iN MM. 


hro- —— MEAN OF SPECIES 


Lick- MEAN OF RACE 


dip- 


ased : : 

edum ’ . 
loids. 

aces. 

etra- 

f the 

‘aces. . 

vidth 


O/PLOIO TETRAPLOID HEXAPLOIO 





MEAM THICKNESS iN MM 








506 BULLETIN OF THE TORREY CLUB [VOL. 73 


by polyploidy. The leaves of tetraploids of certain varieties of Nicotiana are 
much thicker but are shorter and narrower than leaves of the diploids 
(Noguti, Oka & Otuka 1939-40). Emsweller and Lumsden (1943) found that 
the leaves of tetraploid Easter lilies are longer and much thicker than those 
of the diploids. Contrary to.the general trend, the leaves of Stipa tetraploids 
are neither broader nor thicker than those of the diploids (Stebbins 1942). 

A decided inerease in thickness was found in the primary leaves as well 
as in the mature leaves of S. pulchellum. The dimensions of the primary 
leaves were measured during the winter of 1941. Primary basal leaves were 
measured when the secondary leaves first began to appear. As two of the 


TABLE 2. Primary basal leaves of Sedum pulchellum, 


Race: Diploid Tetraploid Hexaploid 
Number of selections 16 12 3 
Number of leaves (ha 20b g 


Mean thickness in mm. 


Short leaves 0.58 + .024 0.69 + .026 O.81+ 0.44 
Long leaves 0.60 + .0058 0.66 + .0224 0.75+ 05984 
s ? ‘ " 

Mean length in mm. 
Short leaves 10.57 + .51 12.27 + .71 15.19+ .83 
Long leaves 18.56 + .76 | 19.31 + .99 25.19 + 1.41! 


Mean width in mm. 


Short leaves 6.95 + .24 8.69 + .39 8.70+ 348 
Long leaves 7.05 + 37 7.72 + 31 6.63 + .45b 


a2] long leaves. 

b 19 for length and width of short leaves; 18 for length and width of long leaves. 

eF=12.79; at 1% level of significance F=5.12: difference statistically highly 
significant. 

1F=5.65; at 1% level of significance F=5.10: difference statistically highly 
significant. 

eF=9.46; at 1% level of significance F=5.12: difference statistically highly 
significant. 

fF=9.02; at 1% level of significance F=5.12: difference statistically highly 
significant. 

¢F=9.33; at 1% level of significance F = 5.12: difference statistically significant. 

h Variation within races greater than among the means: no significant difference. 


basal leaves were always much longer than the other two, one leaf of each 
pair was measured, and the results were tabulated separately for the long 
and short leaves. Measurements were made from the tip of the leaf blade to 
the base of the petiole. Dimensions of the primary leaves are given in table 2. 

The increase in leaf thickness accompanying an increase in chromosome 
number is especially noticeable in the short leaves (figs. 14-17). 

There is a progressive increase in the length of the primary basal leaves 
with each increase in chromosome number. 

Although the means of the width of the long primary leaves were not 
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found to be significantly different, a highly significant difference among the 
means of the width of the short leaves was found. The leaves of the tetra- 
ploids and hexaploids, which are nearly identical in width, are much broader 
than those of the diploid. Figures 18 and 19 are graphs of the distribution 
of widths of short primary leaves. 


Cell Size. Relative sizes of epidermal cells of primary leaves of 8S. pul- 
chellum were determined. In 7 plants of a single selection of each of the three 
races, 140 cells were measured; the relative areas of the cells are: diploid 
1.00, tetraploid 1.16, hexaploid 1.67.* 

Strips of the lower epidermis were mounted in 5 per cent glycerine. Out- 
lines of two blocks of ten cells from each leaf were drawn with the aid of a 
camera lucida. The drawings were cut out and weighed to determine the 
relative sizes of the cells. The range of variation of the weight of the paper 
on which drawings were made was less than 0.5 per cent of the mean weight 
of the paper used, and drawings of all three races were made on each sheet of 
paper. This method of measurement was used by Navashin (1931). 

An increase in cell size is especially noticeable in the hexaploids, although 
the tetraploids also show a slight increase. 

Correlated with the progressive increase in the size of epidermal cells is 
a change in the size and frequency of stomata. In a previous paper it was 
reported that stomatal size varies inversely with chromosome number in this 
species (Smith 1943). The relative sizes of the stomata are 1.00: 1.70: 2.14 for 
diploids, tetraploids, and hexaploids respectively. 

An increase in cell size in polyploids is to be expected, for it is well estab- 
lished that there is a strong correlation between the sizes of cells and their 
nuclei (Navashin 1931). Tetraploids of Oenothera not only have larger cells 
than are found in the diploids, but the cells of the tetraploids are of a differ- 
ent shape (Gates 1909, 1915; Tupper & Bartlett 1916). Gates found that the 
increase in cell size of the tetraploids is not uniform in all organs, some show- 
ing little increase in size, others exhibiting very marked changes. 

Darlington (1937) has summarized much of the literature on cell size of 
polyploids. He has grouped polyploid forms into three classes with respect 
to size. First, there are many polyploids in which both cell size and organ 
size are increased. S. pulchellum evidentiy belongs in this group. Second, 
there are some polyploid species or races that are no larger than their related 
diploids, but which show gigantism in certain structures such as pollen 
grains. The third group, which he believes is by far the largest, is made up 
of those species in which there is no direct relationship between chromosome 
number and size. 


4In letter of September 1, 1944, Harriet Smith wrote to J. T. Baldwin, Jr. that 
‘*statistieal analysis shows that there is a highly significant difference among races’’ with 


respect to cell size. 
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Stem Size and Number. The robustness typical of polyploids appears 
in the diameter of the stem of S. pulchellum in juvenile and perhaps in 
mature plants. Data on the diameter of the juvenile stems are given in table 
3 and figures 20, 21. 

Number and size of flowering shoots were determined at the time of 
flowering when the mature leaves were measured. Table 3 gives the mean 
values of diameter of the flowering shoots, and the results are shown in fig- 
ures 22 and 23. 


TABLE 3. Stems of Sedum pulchellum. 


Race: Diploid Tetraploid Hexaploid 
Number of selections 15a 12 3 
Juvenile plants 


Stem diameter: 
No. of stems 18 20 S 
Mean (mm.) 0.906+ .026 1085+ .036 1150+ .053»> 


Flowering shoots 


Stem diameter: 


No. of shoots 44 30 17 

Mean (mm. 1.77 + .062 1.83 + .059 192 + O78 
Stem length: 

No. of shoots 54 35 18 

Mean (mm. 155.09 +6.19 163.23 +8.57 144.33. + 12.524 


Flowe ring shoots at ope ning of 
first flowe r: 
No. of plants 
Mean number of fl. shoots 5.00 





I+ 


AZ 5.43 + .24 6.53 + 276 





‘16 of juvenile plants. 

bF=10.98; at 1% level of significance F=5.15: difference statistically highly 
significant. 

¢ F = 1.066; at 5% level of significance F = 3.11: no statistically significant difference. 

{Variation within races is greater than between races: no significant difference 
among the means. 

eF=11.95; at 1% level of significance F=4.82: differences statistically highly 
significant. 


Although the differences between the means are not statistically signifi- 
eant, the fact that the increase in diameter with increasing chromosome num- 
ber follows the same trend in the flowering shoot as in the juvenile stem 
makes it seem not unlikely that these differences are brought about by change 





Explanation of figures 14-19 

Fig. 14. Relative frequencies of thickness of short primary leaves of Sedum pulchel- 
lum: 20 diploids, 20 tetraploids, 8 hexaploids. Fie. 15. Distribution of thickness of 48 
short primary leaves of the three races. Fic. 16. Relative frequencies of thickness of long 
primary leaves: 21 diploids, 20 tetraploids, 8 hexaploids. Fie. 17. Distribution of thiek- 
ness of 49 long primary leaves of the three races. Fic. 18. Relative frequencies of widths 
of short primary leaves: 20 diploids, 19 tetraploids, 8 hexaploids. Fie. 19. Distribution of 
widths of 47 short primary leaves of the three races. 
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in chromosome number rather than by chance. However, it is an indication 
that the differences in stem diameter typical of the juvenile stage are largely 
obliterated in the adult plant. Sinnott and Franklin (1943) found that at 
first the cell dimensions and size of organ primordia of tetraploid cucurbit 
fruits are about twice as great as in the corresponding diploids. Between 
flowering and maturity, the diploids overcome the lead of the tetraploids so 
that the volume of the mature fruit of the diploids is approximately the same 
as that of the tetraploids. 

Data on the length of the flowering shoots are summarized in table 3. The 
length from the base of the inflorescence to the base of the plant was mea- 
sured. Because of the great variation within the races, not even the greatest 
difference—that between the means of the tetraploids and hexaploids—is 
statistically significant. 

In addition to the stem bearing the first flower that opened, there were 
several other long shoots which either bore buds or appeared to be likely to 
develop buds soon. The number of such long shoots was counted, since it pro- 
vided another measure of the general size of the plants. Table 3 gives the 
number of such shoots, and figures 24 and 25 are graphs of the data. The 
hexaploid not only has the thickest flowering shoots, but it also bears the 
largest number of them when flowering first begins. 





Number of Flowers per Inflorescence. As an index of the number of 
flowers per inflorescence, all visible buds were counted when the first flower 
of the inflorescence opened. The data are summarized here and presented 
graphically in figures 26 and 27: 







Number of Number of 





Mean number 


plants selections of buds 
Diploid 48 15 50.0 +2.27 
Tetraploid 33 12 49.18 + 3.75 
Hexaploid 18 3 34.5 +3.89 
















There is a statistically highly significant difference among the means: F 
5.25; at the 1 per cent level of significance F = 4.82. 

Although the diploid and tetraploid races had almost the same number 
of flowers per inflorescence, the number in the hexaploids was greatly re- 
dueed. Since each flowering shoot bore only one inflorescence, the product 

Explanation of figures 20-25 

Fig. 20. Relative frequencies of diameters of juvenile stems of Sedwm pulchellum: 
18 of diploid plants, 20 of tetraploids, 8 of hexaploids. Fic. 21. Distribution of diameters 
of 46 juvenile stems of the three races. Fic. 22. Relative frequencies of diameters of 
flowering shoots: 44 diploids, 30 tetraploids, 17 hexaploids. Fic¢. 23. Distribution of 
diameters of 91 flowering stems of the three races. Fic. 24. Relative frequencies of num 
bers of flowering stems: 52 diploids, 35 tetraploids, 17 hexaploids. Fie. 25. Distribution 
of numbers of flowering stems of 104 plants of the three races. 


1946] . SMITH: SEDUM PULCHELLUM 


PER CENT 
FREQUENCY FREQUENGY 
40 1s 
—— D/IPLOID 
x—x— TETRAPLOI 


HEXAPLOID 


0 
09 17 8 o9 0 // 12 
THICKNESS IN 21 THICKNESS iN MM 


FREQUENCY 


DIPLOID 

TETRAPLO/O 

HEXAPLO/D FREQUENCY 
30 


5 7 
NUMBER OF STALKS 





BULLETIN OF THE TORREY CLUB (VoL. 73 


of the number of flowering shoots by the number of buds per inflorescence 
is a measure of the number of flowers produced by the plant. Thus the tetra- 
ploids would lead with about 268 flowers, followed by the diploids bearing 
250 and the hexaploids with about 225 flowers. 


FREQUENCY 
28 


PER CENT 


FREQUENCY 
50, 
D/PLOIO 
TETRAPLO/IO 
HEXAPLOIO 


J8 68 98 
NUMBER OF FLOWERS 


MEAN OF SPECIES 


MEAN OF RACE 


0.00 | | 


28 O/PLO/O TETRAPLOIO HEXAPLOIO 


G 





MEAN WEIGHT IN M 


Fig. 26. Relative frequencies of numbers of flowers per inflorescence of Sedum pul- 
chellum at time of first flowering: 48 diploid plants, 33 tetraploid, 18 hexaploid. Fi@. 27. 
Distribution of numbers of flowers per inflorescence at the time of first flowering: 99 
plants of the three races. Fic. 28. Mean weights of seeds of the different selections of 
each race, The height of each bar represents the mean seed weight of that selection; the 
width of the bar is proportional to the number of seeds on which the mean is based. 


Size and Weight of Seeds. Seeds of the polyploids of 8. pulchellum 


appear to be larger than those of the diploids. In order to verify this obser- 


vation, the maximum length and maximum width of 466 seeds were mea- 
sured, and 808 seeds were weighed. The seeds had been collected from the 
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greenhouse cultures during the spring and summer of 1942. The mean 
weights of seeds are shown in table 4 and figure 28. 

The increase in weight of seeds is the result of an increase in both length 
and width of seeds as is shown in table 4 and figures 29-34. In addition to 
the very highly significant differences among means of races, significant dif- 
ferences were also found among the means of different selections within each 
race, 

An increase in seed size accompanying increase in chromosome number 
has been reported in many plants. Randolph and Hand (1940) found that 
the weight of individual kernels of tetraploid corn was approximately 50 per 
cent greater than that of kernels of related diploids. Seeds of tetraploids are 


TABLE 4. Seed of Sedum pulchellum. 


Race: Diploid Tetraploid 


Number of selections 
Weight: 
No. of seeds 
Mean (mg. 
Length: 
No. of seeds 
Mean (mm.) 
Width . 
: No. of seeds 
Mean (mm.) 





& 


306 
0.1075 + .0094 


+ .0041 


»me 
Owe 


0.1314 + .0186 


156 
1.10 +.0081 


156 
0.528 + .0037 


Hexaploid 


3 
149 
0.2060 + .0263a 
155 
1.14 +.0079» 
155 
0.584 + .0045¢ 


aF=125.0; at 1% level of significance F = 6.7: differences statistically very highly 
significant. 

b F=111.9; at 1% level of significance F = 4.66: differences statistically very highly 
significant. 

¢ F = 183.01; at 1% level of significance F = 4.66: differences statistically very highly 
significant. 
larger than those of doploids in Allium (Levan 1936) Nasturtium (Manton 
1935), Solanum (Winkler 1916) and other plants. 


Discussion of Morphology. Although the polyploid races of S. pulchel- 
lum do not show striking gigas characteristics, when enough plants of the 
three races are measured it is possible to detect differences in size of certain 
organs. 

The mature leaves show a progressive decrease in length with increasing 
chromosome number. The increase in breadth of leaves often found in poly- 
ploids does not occur in tetraploid plants of this species but appears in the 
hexaploids. In thickness of both primary and mature leaves, 8S. pulchellum 
resembles most other species in its response to increase in chromosome num- 
ber: the thickness of the leaves increases progressively with each addition of 
another set of chromosomes, 

Polyploidy affects the thickness and length of the primary leaves to a 
greater degree than it affects their width, as shown by the fact that measure- 
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ments of thirtv-one leaves were sufficient to detect significant differences in 
thickness and length of both types of basal leaves, but a significant difference 
in width of basal primary leaves was found only in the short ones. Measure- 
ments of the long basal leaves revealed more variation within the races than 
between them. 


FREQUENC? 
48 














O 


. 
U 
31 D/PLOID TETRAPLOID HEXAPLOID 


Fig. 29. Frequencies of lengths of seeds of the three races of Sedum pulchellum: 155 
seeds of diploid and hexaploid plants, 156 of tetraploids. Fic. 30. Distribution of lengths 
of 466 seeds of the three races. Fic. 31. Mean lengths of seeds of different selections of 
each race. The height of the bar represents the mean length of seeds of the selection; the 
width of the bar is proportional to the number of seeds on which the mean is based. 


The increase in the size of leaves of polyploids of this species is associated 
with an increase in cell size. 

Although the progressive increase in diameter of the juvenile stem with 
higher degrees of polyploidy is statistically significant, the apparent increase 
in thickness of flowering shoots is not. This indicates that if there is a differ- 
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ence in diameter of flowering shoots caused by polyploidy, this difference is 
much less than that in thickness of the juvenile stems. The hexaploid race 
has the largest number of flowering stems, and the diploid has the smallest. 
This order is just the reverse of the order of the number of flowers per inflo- 


FREQUENCY 
90 








Cc 


é DIPLOIL TE TRAPLOIO HEXAPLOIO 
34 


Fig. 32. Frequencies of widths of seeds of different races of Sedum pulchellum: 155 
seeds of diploid and hexaploid plants, 156 of tetraploids. Fic. 33. Distribution of widths 
of 466 seeds of the three races. Fic. 34. Mean widths of seeds of different selections of 
each race. The height of the bar represents the mean width of seeds of the selection; the 
width of the bar is proportional to the number of seeds on which the mean is based. 


rescence. No significant difference in length of flowering shoots was found. 
As in many other species, the seeds of the tetraploids and hexaploids are 
longer, wider, and heavier than those of the diploids. 
In this species the addition of one extra set of chromosomes is not suffi- 
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cient to effect a change in the ratio of length to width of mature leaves, the 


diameter of the flowering shoots, and the number of flowers per inflorescence, 


but the addition of two sets of chromosomes results in marked changes. 


PHYSIOLOGY 


Associated with the morphological differences typical of polyploidy, there 
should be fundamental physiological differences. 

The first mention of a physiological difference between diploids and poly- 
ploids was made by de Vries (1906), who observed that in the tetraploid 
gigas form of Oenothera Lamarkiana it was much more difficult to break the 
biennial habit than in the normal Oenothera Lamarkiana. He suggested that 
this difference might be associated in some way with a change in rates of 
chemical activity. In 1924 Wettstein observed that bivalent races of mosses 
may differ from the univalent races in their reaction to hydrogen ion concen- 
trations. 

Generally overlooked for some time, the study of the physiological conse- 
quences of chromosome doubling is at present receiving increased attention. 
Polyploids have been found to differ from related diploids in many ways, as, 
for example, in growth rate, vitamin content, content of other chemical con- 
stituents, frost susceptibility, and photoperiodism. 

A difference in growth rate of diploids and related polyploids has been 
reported many times. The first report of such an instance was the tetraploid 
gigas form of Oenothera Lamarckiana as mentioned above. Nilsson (1920) 
reported that the general slowness in development in gigas Oenothera is 
observable also in the growth rate of the gigas pollen tubes. A retarded 
growth rate has been found in polyploids of tomato (Lesley & Lesley 1930), 
Nasturtium officinale (Manton 1935), Allium (Levan 1936), eucurbits (Sin- 
nott & Franklin 1943), and in other plants. 

It is often assumed that the retarded growth rate of polyploids is caused 
by a decreased rate of cell division. Dérries-Riiger (1929), working with two 
species of mosses, found that the bivalent races were characterized by a faster 
rate of cell division than the univalent races. Further increases in chromo- 
some number resulted in a progressive decrease in the rate of cell division. ’ 

Mangelsdorf and Fraps (1931) discovered a direct quantitative relation 
between the vitamin A content of corn and the number of genes for yellow 
endosperm. Later Randolph and Hand (1938, 1940) found that doubling the 
number of chromosomes and consequently the number of genes for yellow 
more than doubles the amount of vitamin A per cell. Chromosome doubling 
in the tomato causes an increase in vitamin C content (Sansome & Zilva 1933, 
1936). 

Polyploids may differ from related diploids in alkaloid content qualita- 
tively as found by Bonisteel (1940) in Aconitum or quantitatively as found 
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le by Noguti, Oka and Otuka (1939-40) in Nicotiana. The alkaloid contained 
e, in polyploid species of Aconitum are different from those found in the dip- 
loid species. In Nicotiana the amount of nicotine in colehicine-induced tetra- 
ploids was found to be about 28 per cent greater than in diploids. Alterations 
in the proportions of chemical constituents resulting from polyploidy have 
re also been reported in tomato (Kostov & Aksamitnaia 1935), Lolium (Sulli- 
van & Meyers 1939), cabbage (Barr & Newcomer 1943), and other plants. 
V- In a few instances a difference in susceptibility to frost has been noted. 
id Gates (1915) reported that flowers of tetraploid Oenothera are more frost 
le susceptible than those of diploids, and Shifriss (1942) reported the same 
at phenomenon in Cucumis. 
of A difference in photoperiodism of diploids and tetraploids has been re- 
es ported in Triticum (Dorsey 1936) and in Secale (O’Mara 1942). In both of 
n- these the tetraploids required long days for flowering although the diploids 
were able to flower under short-day conditions. 
e- From these and numerous other examples it is evident that a comparative 
a. study of the physiology of diploids and polyploids should prove fruitful. 
iS, 
n- Effect of an Excess and a Deficiency of Water. An experiment to test 
the response of the three races of S. pulchellum to extreme water conditions 
n was performed in the spring of 1942 and repeated in 1943. The plants were 
id tested for survival under conditions of drought and constant soil saturation. 
)) In the 1942 experiment, month-old seedlings of uniform size and develop- 
IS ment were transplanted into small pots two weeks’ before treatment was 
~«l started. Four seedlings were spaced as far apart as possible in each pot. 
Three different selections were used for the diploid, two for the tetraploid, 
i and one for the hexaploid. 
One series of the three races was kept saturated by submerging the pots 
“«l in water so that the surface of the soil was barely covered. Each series in- 
0 cluded 15-18 diploids, 22 or 23 tetraploids, and 26-28 hexaploids. The dry 
r series and the controls were watered thoroughly the first day of the experi- 
0- ment. The control series was lightly watered daily, while the dry series was 
i. watered every five days. 
mn The diploids proved to be the most sensitive to both an excess and a 
w deficiency of water, for they wilted first and most severely. After 28 days, 
1e in both the diploid and tetraploid races the dry series had a better percent- 
Ww age of survival than the saturated series; however, in all three races the 





plants that did survive saturation appeared to be healthier than those receiv- 
ing insufficient water (fig. 35). Table 5 shows the survival after 28 and 51 





days respectively. 





Of the tetraploids and hexaploids, most of the plants that survived the 






first twenty-eight days continued to live for fifty-one days. However, of the 
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Fic. 35. Response of the three chromosome races of Sedum pulchellum to an excess 
and a deficiency of water after 44 days of treatment. Upper: diploid race. Left, plants 
grown with insufficient water. The diploids grown in saturated soil were all dead by the 
time the photograph was taken. Right, control. Middle: tetraploid race. Left to right, dry, 


saturated, control. Lower: hexaploid race. Left to right, dry, saturated, control. 
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TABLE 5. Effect of excess and deficic ney of water on survival of Sedum pulchellum. 


Number Survival after 28 days Survival after 51 days 
of ores i pasimel 
plants Number Per cent Number 


Per cent 
Saturation 


Diploid 2 11.1 


Tetraploid 23 ll 47.8 
Hexaploid 26 26 100.0 


Drought 


| iploid 
Tetraploid 
Hexaploid 
Control 


Diploid 15 3 86.7 13 


-f 0” 
letraploid 22 20 90.9 20 90.$ 
Hexaploid 28 28 100.0 28 100. 


diploids, although 62.5 per cent of the dry series survived for 28 days, all 
were dead after 51 days. Only 11.1 per cent of the diploids in saturated soil 
lived for 28 days, and they were all dead after 44 days. 

During the spring of 1943 the experiment was repeated with plants 
grown from cuttings made a month previously. Comparable lots of the plants 
were transplanted into four-inch pots a week before treatment was started. 
The diploids and the tetraploids were from five different selections each, and 
the hexaploids were from two selections, 

On May 15 all the pots were thoroughly watered, and those of the satu- 
ration series were placed in water that came just below the tops of the pots 
so that no water could overflow on the plants. The controls were watered 


TABLE 6. Effect of excess and deficiency of water on appearancea of shoots of 
S. pulchellum» after 21 days, 1943. 


Diploid Tetraploid Hexaploid 


Poor Poor Poor 
Good air or Good Fair or Good Fair or 
dead dead dead 


Saturation 5 8 
Drought 10 | l 
Control ‘ 1 9 


0 
0 





} 
0 0 
| | ‘ 
| 
| 


( | 1 
| 


«Good: Plants appear normally healthy, show good growth, entire plant turgid. 

Fair: Plants fairly turgid; show moderate amount of growth; would probably 
revive if placed in normal conditions. 

Poor or dead: If alive, very badly wilted, show very little growth, usually in such 
poor condition that there would be no chance of reviving if placed in normal 
conditions and consequently classified in the same group as those plants that 
were already dead. 

» The numbers refer to the number of plants in each condition. 
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daily, and the dry series was watered every seven days. After 21 days the 
root systems were examined. Table 6 shows the general appearance of the 
shoots at this time, and table 7 shows the extent of the root systems. 

The diploids were again the first to show a reaction. After seven days 
the diploids of both the saturated and the dry series were wilted, although 
the tetraploids and the hexaploids were not noticeably affected. 

In all three races the roots of the plants grown in saturated soil were 
poorest in spite of the fact that the shoots of those plants appeared to be 
healthier than those of the plants grown in dry soil. It will be recalled that 
in the 1942 experiment the plants that survived soil saturation for 28 days 
appeared to be in better condition than those that had survived drought 
during that period, in spite of the fact that a smaller percentage of the 
former survived. This seems to indicate that although the plants subjected 
to drought are able to survive for some time after first showing signs of 
injury, the plants grown in saturated soil are likely to die soon after the 
first signs of injury appear. 


TABLE 7. Effe ct of excess and de ficie ney of water on extenta of root system of 
S. pulchellum, after 21 days, 1943. 


Diploid Tetraploid Hexaploid 


Saturation 0 


] 
Control 4 4 
Drought 3 3 


* Legend: 0—very small, 1—small, 2—medium, 3—fairly large, 4—large. 


The results given in table 5 indicate that saturation of the soil was more 
injurious than drought to both the diploids and the tetraploids. From the 
information given in table 7 this greater injury seems to be associated with 
a poorer root system. The high percentage of healthy-looking plants among 
the tetraploids grown in saturated soil (table 6) is not in accord with the 
other observations on the relative effects of saturation and drought on tetra- 
ploids. However, it should be noted that in the 1942 experiment the tetra- 
ploids with an excess of water appeared to be healthier than those suffering 
from drought in spite of the greatly inferior survival of the former. Since 
the 1943 experiment lasted only a short time, it is probable that in this ex- 
periment the extent of the root system is a better criterion of potential 
survival than is the appearance of the shoot. 

Although the diploid and tetraploid races survived drought better than 
soil saturation, the hexaploids appeared to withstand soil saturation slightly 
better than drought. The difference was not very great, but it was detected 
both years. On the contrary, the root systems of the hexaploids grown with 
insufficient water appeared to be ‘in slightly better condition than those 
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crown with an excess of water. Since the small advantage in survival of the 
plants grown in saturated soil was counterbalanced by the slightly better 
condition of the roots of the plants given insufficient water, -it is probable 
that the hexaploids are capable of withstanding both drought and saturation 
about equally. 

From these experiments it appears that the hexaploids are best able to 
withstand both an excess and a shortage of water. The diploids are the least 
able to withstand these extreme conditions of soil moisture, and the tetra- 
ploids are intermediate. 

The principal deleterious effects of saturated soil on plants are generally 
attributed to lack of oxygen and increased concentration of carbon dioxide 
(Bergman 1920, Clements 1921, Cannon & Free 1925, Durell 1941). The fact 
that plants can be grown successfully in aerated water cultures but show 
poor growth if the cultures are not aerated indicates that it is not the water 
itself but the lack of aeration that is harmful. 

Bergman (1920), experimenting with Impatiens, Pelargonium, and 
Phaseolus, found that if the pots were submerged in water, the plants wilted 
in a few days. However, if the water was aerated before they wilted too much, 
they revived and produced roots near the water surface. They could then 
live without aeration. 

Under conditions of excessive soil moisture plants are injured by lack 
of aeration either by lack of oxygen (Arrington & Shive 1936) or by an 
excess of carbon dioxide (Free 1917), or by both (Cannon & Free 1917, 1925; 
Loehwing 1934; Kramer 1940). Accotding to Kramer, the injurious effects 
of an excess of carbon dioxide appear sooner than those caused by a lack 
of oxygen. 

It has been found that different plants vary widely in the response of 
their roots to a lack of aeration of the soil (Cannon & Free 1917, Livingston 
& Free 1917). | 

The specific effects of lack of aeration have been investigated by several 
authors; Hoagland and Steward have done extensive work on the effect of 
oxygen upon respiration and absorption in excised roots. Steward (1932, 
1937) has found that a reduction in oxygen supply causes decreased respi- 
ration and absorption of salts. Hoagland (1936) stresses the fact that ab- 
sorption and accumulation of ions depend upon the aeration of the soil, and 
Hoagland and Broyer (1942) have found that both a lack of oxygen and an 
excess of carbon dioxide cause a decrease in root permeability to inorganic 
solutes and to water. Loehwing (1934), experimenting with the effect of 
aeration on plants grown in sand and loam, found that poor aeration de- 


creases nutrient absorption and alters the general metabolism of the plant. 


That response of a plant to poor soil aeration is an important ecological 
factor is indicated by the results of Cannon and Free (1925). who found that 
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plants requiring large amounts of oxygen do not grow in excessively moist 
habitats. In an earlier paper (1917) they reported that plants growing natu- 
rally in well-drained soil are much more sensitive to the composition of the 
soil atmosphere than those occurring in poorly aerated habitats. 

Although injury from saturation of the soil has been shown to be only 
indirectly caused by the excess of water, injury from drought is related 
directly to the lack of water. The first visible effect of a water shortage is 
wilting, but Schneider and Childers (1941) have found that before wilting 
becomes evident there is a marked reduction in photosynthesis and trans- 
piration. They found that when wilted apple trees were watered, although 
the leaves usually became turgid in from three to five hours, photosynthesis 
did not return to its former level until from two to seven days after watering. 
This indicates that when plants are repeatedly allowed to wilt before they 
are watered, there are rather long periods during which photosynthesis, and 
consequently growth, are greatly reduced. This explains why plants supplied 
with insufficient water are likely to be quite stunted. 

It is evident that an excess and a shortage of water produce their harmful 
effects in two different ways: injury from soil saturation is due to lack of 
absorption of water and nutrients, but injury from lack of water is caused 
by reduction in the amount of. photosynthesis taking place as well as the 
directly injurious effects of lack of water on the plant as a whole. 

Water content of the soil is an ecological factor of great importance, as 
is evidenced by the grouping of plants into hydrophytes, mesophytes, and 
xerophytes according to their ability: to grow in habitats differing in the 
amount of water available. 

The three chromosome races of S. pulchellum differ considerably in their 
response both to a shortage of water and to an excess of water with its result- 
ing lack of aeration. The hexaploid race has the: best survival at both ex- 
tremes and consequently might be expected to withstand greater variation 
of water supply than the other two races. In spite of this tolerance the hexa- 
ploid has the most restricted distribution. This may be explained by the 
probability that it originated much later than the other two races and has 
not had time greatly to extend its range. 

Frem a survey of the chromosome numbers of desert plants, Hagerup 
(1932) concluded that polyploids are better able than diploids to withstand 
the extreme temperatures and great aridity of deserts. Randolph (1941) 


reported that tetraploid maize differs little from the diploid with respect to 


drought resistance. 

Effect of Tannic Acid in the Soil. In an attempt to determine whether 
the three chromosome races of S. pulchellum differ in their response to cer- 
tain environmental conditions, two experiments were performed to test the 
sensitivity of the races to acid soils. 
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Young plants grown from seed were used in the 1942 experiment. The 
plants were in the same stage of development, with secondary leaves just 
starting, and were approximately the same size. They were transplanted into 
three-inch pots about two weeks before the experiment was -begun so that 
they were well established in the new pots when the treatment was started. 
Most of the pots had four plants apiece, but a few had only three. In each 


Fic. 36. Effect of acid soil on the three chromosome races of Sedum pulchellum. 
Upper: treated plants, watered nine days with 10 per cent tannic acid. Left to right, hexa 
ploid, tetraploid, diploid. Lower: controls, watered nine days with distilled water. Left 
to right, hexaploid, tetraploid, diploid. 
pot the plants were of only one race, and were spaced far enough apart to 
avoid competition. The diploids were from three different selections, the 
tetraploids from two, and the hexaploids from one. 

The soil, which originally had a hydrogen-ion concentration of 8, -was 
acidified by the addition of tannie acid. Tanni¢e acid was used because it is 
often recommended for use in acidifving garden soils. To avoid any possible 


acid injury to the leaves and stems, the pots were put into the 10 per cent 
tannie acid solution with the tops of the pots above the level of the solution 
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so that the acid would have to be absorbed from below and would not come 
into direct contact with the leaves or stem. Throughout the experiment the 
hydrogen-ion concentration (pH) of the soil of each pot was tested. 

On March 19, the pots were placed in a 10 per cent tannic acid solution 
and were allowed to remain overnight. For four days the plants were kept 
in the solution for twelve hours and removed during the day for drainage. 
In order to increase the acidity still further, they were left in the acid for 
three days and nights, until pH 4.5 was reached. They were then removed 
from the acid; the treatment was discontinued, and thereafter they were 
watered only with distilled water. Throughout the experiment the controls 

TABLE 8. Response of different selections of 8S. Pulchellum to treatment with 

10% tannic acid; survival after 16 days. 


q : Survival after 16 days 
Number of N te lays 


Selecti 
election plants 


Per cent 


Number 


Diploid 
41227 100.00 
41228 68.75 
41229 ) 54.54 


Total: 3: 2! 71.43 


Tetraploid 


40443 
40446 


Total: 


Hexaploid 
40661 





12.50 
50.00 


15.38 


6.38 


were given identical treatment except that the pots were placed in distilled 
water instead of an acid solution. 

The hexaploids were the first to show a response to the treatment, as indi- 
eated by severe wilting. After six days, four out of thirty-five diploids were 
slightly wilted, and nearly half the hexaploids were severely wilted. None 
of the treated plants grew very much during the experiment (fig. 36). After 
48 days, the pH of the treated soil had risen to 6, and the soil of the controls 
still tested 8. Table 8 shows the survival of the different selections of diploids 
and tetraploids after sixteen days. From these results it appears that the 
selections within a single race differ in their response to acid soil; however, 
the numbers of plants in éach selection were so small that no definite con- 
clusions are justified. A summary of the survival of the different races after 
48 days is given in table 9. These results show that the three races exhibit 
marked differences in their ability to survive in acid soil, the diploid having 
the- highest percentage of survival, and the hexaploid the lowest. 
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In the spring of 1943 the experiment was repeated to verify the results 
and to determine the effect of the acid soil on the roots of the plants. Young 
plants from euttings made April 15 were used. The pots of different races 
and in different treatments contained comparable lots of plants of each race. 
The plants used were from nine different selections of diploids, six selections 
of tetraploids, and two selections of hexaploids. 

Each race was subjected to four treatments: 10 per cent tannie acid, 5 per 
cent tannie acid, a saturated solution of Ca(OH)., and distilled water. To 
insure distribution of the solutions as quickly as possible, the solutions were 
poured onto the soil far enough from the plants that they would not come 
into direct contact with the plants. The pots were then placed in the solu- 
tions. The experiment was started May 15, at which time the soil tested pH 
7.0. The periods of treatment were similar to those in the 1942 experiment. 

TABLE 9. Response of the three chromosome races of 8S. pulchellum to treatment 
with 10% tannic acid; survival after 48 days, 1942. 


Diploid Tetraploid Hexaploid 


Number| urvival Number Survival Number| Survival 


EY Bee of 
| Per ‘. 
be plants No 
4 


. Per | of | 
plants No. cont eent | plants | 
Tannice acid 35 =O 5 14.3 52 


Control 16 16 | 100.0 16 16 


| 


100.0 | 16 16 100.0 


7 
| 99) 47 





The 10 per cent tannic acid maintained the soil acidity at about pH 6, 
the 5 per cent at pH 6.5, the distilled water at pH 7, and the Ca(OH), at 
pH 8. After seven days the soil in the pots of diploid plants in 10 per cent 
acid unaccountedly rose to pH 7.5 and stayed there for three days, making 
it necessary for those plants to be discarded. At that time the tetraploids and 
hexaploids in the 10 per cent solution were still at pH 6, and all the pots in 
the 5 per cent tannic acid were at pH 6.5. 

After eighteen days the roots of all the plants were examined. The per- 
centage of turgid plants after this period is shown in table 10, and the 
appearance of the roots in table 11. 

The two experiments showed that the three races differ markedly in their 
reaction to tannic acid. In both experiments the hexaploids were injured 
most severely by the acid; they were the first to wilt and had the smallest 
percentage of survival. The diploids were most tolerant of the acid, and the 
tetraploids were intermediate. 

The results of the 1943 experiment indicate a slight difference in reaction 
to alkalinity. Although the diploids and tetraploids survived better and had 
better roots at pH 7, the hexaploids had the best survival at pH 8. However, 
the roots of the hexaploids at pH 7 were healthier than those at pH 8. Al- 
though the diploids and tetraploids had the same percentage of survival at 
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pH 8, the fact that the tetraploid roots appear to be healthier than the 
diploids indicates that the diploids were injured more by alkalinity. Thus 
it appears that the diploids, which withstand the effects of acid soil best, do 
not develop so well in an alkaline soil as do the other two races. The hexa- 
ploids, most adversely affected by acidity, reach their best development in a 
slightly alkaline soil, while the tetraploids, intermediate in reaction at high 
and low hydrogen-ion concentrations, grow best in a neutral soil. 

Many botanists have shown that the hydrogen-ion concentration of the 
soil is an important factor in plant distribution (Wherry 1922, 1927, 1928: 
Olsen 1923, Gustafson 1926, Kurz 1930, [kenberry 1936 


TABLE 10. Response of three chromosome races of Ss. pulchellum to treatment 


with tannic acid, water, and calcium hydrowvide: 1948, 


Diploid Tetraploid Hexaploid 


Turgid Turgid Turgid 
Number plants Number plants Number plants 
ot of | of 
plants No Per | plants No Per plants No Per 
cent | ra cent : cent 


1% acid . L3 86.7 
Water f 3 86.7 
Ca(OH), } , 80.0 


20 | 13 | 65.0 12.5 
2 | # 95.0 | ¢ 88.9 
20) | 16 | 80.0 

! | 


6 | 30.0 | 00.0 
| 


100.0 


10% acid | 20) 


TABLE 11. Appearance of roots of S. pulchellum races in acid experiment, 1943. 


Diploid Tetraploid Hexaploid 


10% acid 0 


inh : pd 
5% acid ; 2 


Water : : 6 
Ca(OH), 3 5 
| 

a Legend: 0—very poor, 1—poor, 2—fair, 3—-fairly good, 4—good, 5—very good, 
6—excellent. 

Various ways in which unfavorable hydrogen-ion concentration may 
affect plants have been suggested. Kurz (1930) stresses the fact that in 
nature if the soils differ in pH, it is probable that many other factors differ 
concurrently. Thus it is difficult to determine which factors actually cause 
the difference in plant distribution. 

Several possible indirect effects of hydrogen-ion concentration on growth 
have been suggested. Salter and McIlvaine (1920) state that the solubility 
of the soil constituents may be changed by acidity, as it has been found that 
an inerease in acidity causes an increase in the solubility of calcium, mag- 
nesium, potassium, phosphorus, aluminum, manganese, and ferrous iron. 
These authors also suggest that changes in pH may produce changes in the 
physical properties of soils. A third indirect effect on plant growth may be 
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the effect of pH on the growth of soil micro-organisms, especially those con- 
cerned with nitrification (Truog 1918, Salter & McIlvaine 1920). 
Snyder (1941) has found that gladiolus in chemical culture solutions 


grows better at pH 7-8 than in more acid solutions. Indirect action of acjdity 


on soil composition and micro-organisms was eliminated in his experiments. 

Olsen (1923) has shown that the poor growth of plants in very acid soils 
is not primarily due to these indirect effects but rather to the direct influence 
of the hydrogen-ion concentration. Possible direct effects of hydrogen-ion 
concentration on plants have been summarized by Gustafson (1926). He sug- 
vests that acid may affect the permeability of the cells so as to prevent good 
development of most plants, that excessive acidity may cause coagulation 
of protoplasm as found by Addoms (1923), and that high acidity may stop 
vrowth because synthesis of protoplasm takes place at or near the iso-electric 
point of the important proteins of the cell (Pearsall & Ewing 1925). 

It has been found that changes in acidity cause changes in the permea- 
bility of plant cells: abnormal or unfavorable hydrogen-ion concentrations 
increase the, permeability (Arrhenius 1922, Osterhout 1914, Irwin 1923). 

Addoms (1923) has found that high hydrogen-ion concentration causes 
coagulation of the protoplasm of the root hairs of wheat. This increases their 
permeability and renders them ineffective in absorption. More root hairs and 
roots are produced to compensate for those injured, so that a short-branched 
root system is produced. 

Although the present experiment has shown that high concentrations of 
tannic acid injure S. pulchellum, it is impossible to state whether the effect 
is direct or indirect. The exact nature of the injurious effect was not deter- 
mined, and the possibility of injury by the tannin has not been excluded. 

Since the three chromosome races of 8S. pulchellum were found to differ 
in their ability to grow in acid soils, and hydrogen-ion concentration of the 
soil is known to be an important factor in plant distribution, it seems proba- 
ble that the tolerance of the three races for acid soils may play a part in 
their distribution and the chance of their survival in different localities. 

An instance where the differential response of polyploids to soil eondi- 
tions is related to the distribution of the chromosome races has been reported 
by Rohweder (1934, 1937). He found that diploids of Dianthus grown in his 
garden were far more sensitive to lime and nitrogen than were related poly- 
ploids. This difference was related to their distribution in the wild, for all 
the tetraploids were found on caleareous earth and the diploids inhabited 
granitic soils. 

Effect of Competition. Competition among plants, either of the same 
species or of different species, is of primary importance in evolution. It isa 
direct result of the production of seeds in numbers greatly in exeess of the 
number of plants that can survive, and is a necessary condition for the opera- 
tion of natural selection. 
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Among the few experiments on the effect of competition on the survival 
of different strains, one of the most interesting was per*ormed by Sukatschew 
(1928), working with the dandelion (Tararacum officinale). Three strains, 
designated A, B, and C, collected from the same meadow, were planted in two 
densities, at intervals of three and eighteen centimeters. On some plots, plants 
of only one strain were grown; while in others all three strains were used. 
Counts of survivors two years later revealed that in pure stands, strain C had 
the most survivors at the low density and strain B at the high density. In 
mixed stands entailing competition among all three, strain C had much 
better survival than the other two at both the low and high densities. 

These results suggested an experiment to test whether chromosome races 
would show similar differences in survival when crowded closely together. 
Experiments were performed during 1941 and 1942 to test the relative sur- 
vival of the three races of Sedum in pure stands and in mixtures. 

In the fall of 1941, seedlings of the same age and height (1 em.) were 
transplanted into flats containing sterile soil composed of one-half propa- 
gating sand and one-half deeayed sod. The plants in each race .were of only 
one selection. 

To test competition among the three races, a plot of 120 plants (40 of each 
race) was planted in 12 rows of 10 plants each, with the seedlings at 7 mm. 
intervals. The three races were alternated both vertically and horizontally 
so that every plant of one race was in immediate competition with the other 
two races. The rows and columns were separated by heavy threads and were 
so marked that the chromosome race of each plant could be determined by 
counting the number of squares from the marker at either edge of the plot. 
The plants surviving after 184 days were: diploid 10 (25%), tetraploid 13 

32.5% ), and hexaploid 21 (52.5% ). 

In another plot, 56 hexaploids were planted 7 mm. apart in 8 rows of 7 
plants each. An insufficient number of diploids and tetraploids of the right 
height made it necessary to postpone planting the pure stands of these two 
races until two months later when plants from a second sowing of seeds were 
available. 

In January, three more pure stands were planted: one plot of tetraploids 
at 7 mm. intervals, one plot of diploids at 3 mm. intervals, and one plot of 
diploids at 7 mm. intervals. Each plot was made up of 56 plants in 8 rows 
of 7 plants each. In May the number of plants surviving in the various plots 
was determined : after 108 days there were 22 diploid (39.3%) and 31 tetra- 
ploid (55.3%) plants; after 176 days there were 37 hexaploids (66.0%). 
When the diploids at the two densities were compared after 108 days, it was 
found that 23 (41%) at the 3 mm. distance had survived, and 22 (38%), 
at 7 mm. 

In spite of the fact that the hexaploids were grown for a longer time, 
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they showed a much better percentage of survival than the other two races. 
There was no significant difference in the survival of the diploids at intervals 
of three and seven millimeters. The three races showed the same order of sur- 
vival in competition with each other as in competition within each race, the 
diploids having the smallest and the hexaploids the greatest percentage of 
survival. 

The following year the experiment on competition among races was 
repeated with plants spaced at 3 mm. intervals. The seedlings were the same 
age, and one centimeter tall. Diploids were from three selections, tetraploids 
from three, and hexaploids from two. In order to insure uniform spacing and 
a means of identifying the plants at the end of the experiment, the seedlings 
were planted through the holes of a sereen with 3 mm. mesh, one plant in 
each hole. The sereen was fastened to the top of the pot to prevent its slip- 
ping and breaking the young plants. As in the previous year the seedlings 
were alternated both vertically and horizontally so that each plant was in 
direct competition with plants of the other two races. Twenty-seven repre- 
sentatives of each race were planted in a plot of nine rows and nine columns. 
The rows and columns were marked so that the chromosome race of the plant 
in each square could be determined. The numbers of survivors of each race 
are given here : diploid 11 (40.7% ), tetraploid 17 (63.0°), and hexaploid 20 
(74.1% ) ; one other hexaploid had flowered early and died. 

Because of their large size and the number of side branches the hexa- 
ploids appeared to be the most vigorous. In general the diploids were the 
shortest, although several tetraploids were fairly short also. As in the previ- 
ous experiments, the hexaploids had the best survival and the diploids the 
poorest. 

Although one hexaploid had flowered by April 7, none of the others had 
mature leaves at the end of the experiment (May 5). One tetraploid had 
mature leaves and was very small for its race. Three diploids had mature 
leaves and one of them had buds. Other plants of the three races grown singly 
and not in competition were more advanced in development at this time as 
indicated by the occurrence of mature leaves on many of the plants of all 
three races. 

Although competition between plants is undoubtedly based on many faec- 
tors. three of the most important are water, nutrients, and light (Clements, 
Weaver & Hanson 1929; Brenchley 1919). The possibility of toxie excretions 
of plants is mentioned also by Brenchley (1919) and Pickering (1917), but 
is discounted by Miller (1938) and Loehwing (1937). 

Of these factors, it is difficult to say which is the most important. Aecord- 
ing to Clements, Weaver, and Hanson (1929), in nature water is the most 
important, with light next and nutrients last; but Farrow (1917) and Salis- 
bury (1929) both state that light is the most important. Farrow maintains 
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that soil conditions have only an indirect effect achieved by dwarfing the 
aerial parts of the plants so that they are unsuccessful in competing for 
light. 


In the experiment on Sedum, it is unlikely that nutrients were a limiting 


factor, for the roots had a large volume of soil through which to spread. - 


Since the plants were thoroughly watered daily, water was probably not of 
particular importance, although the possibility of its being a faetor cannot 
be ignored. The order of survival of races in competition with each other was 
the same as that in the experiments on the effect of a deficiency of water, 
with the hexaploids showing the best survival in both cases. However, the 
results of the experiment on competition agree equally well with the hy- 
pothesis that light was the most important factor, as the hexaploids, which 
survived best, were tallest, and the diploids with the poorest percentage of 
survival were the smallest. Because of the abundance of soil and water avail- 
able for all plants, it is likely that in this experiment the competition was 
chiefly for light. 

It appears from these results that if the three races were to come into 
competition with each other, the hexaploids would be most likely to crowd 
out the others. However, it has been proved that the three races are unlike 
in their response to different conditions of soil moisture and acidity, and it is 
probable that they differ in many other respects. It is unsafe to make any 
broad generalization about the likelihood of survival if all were in competi- 
tion in the same habitat unless the habitat were known. 


Root Development of Cuttings. To gain additional evidence of physio- 
logical differences of the chromosome races of Sedum, cuttings were made to 
determine whether any race surpassed the others in ability to propagate 
itself vegetatively. 

On January 31, 1942, twenty-five cuttings of each race were planted in 
sterilized sand. Eleven days later the cuttings were removed from the sand, 
and the roots were examined. All the cuttings appeared to be healthy with 
the exception of one tetraploid and one hexaploid that had accidentally be- 
come uprooted. Although the total length of the root system was not mea- 
sured, it was easily seen that in general the tetraploids had longer roots than 
the other two races. As an index of the lengths of roots, the longest root of 
each cutting was measured. The lengths of the longest roots, and the num- 
bers of the roots of the cuttings are given in table 12. 

Although there is no significant difference between the average length of 
the longest roots in diploids and hexaploids, the tetraploids have much longer 
roots, and the differences between the tetraploids and each of the other two 
races are very highly significant. The distribution of the lengths of roots is 
shown graphically in figures 37 and 38. 
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Although the three races stand in the same order with respect to both 
number and length of shoots,—the tetraploids having the longest and most 
numerous and the hexaploids having the shortest and fewest—, there is no 
statistically significant difference in number of roots of cuttings of the three 
races. The close agreement between the number and length of roots in these 
races makes it seem likely, however, that the differences in number of roots 
may be caused by the differences in chromosome number. 

After the roots were measured and counted, about ten plants of each race 
were potted out individually. In spite of the rather harsh treatment these 
cuttings had received they continued to grow. They flowered at approxi- 
mately the same time as the plants from which they were originally obtained. 

Manton (1935) reported that in Nasturtium officinale tetraploids are 
slower than triploids in establishing themselves from cuttings. In this experi- 


TABLE 12. Roots of 11-day-old cuttings of Sedum pulchellum. 


Race: Diploid Tetraploid Hexaploid 


Length of longest root 


No. of cuttings 25 24 24 

No. of selections 1] 1] 3 

Mean length (mm.) 14.76 + 2.01 23.13 + 2.64 14.63 + 1.458 
Number of roots 

No. of cuttings 21 24 24 

No. of selections 9 1] | 3 

Mean number of roots 7.00+ 7] | 7.58+ .92 5.67 + 58> 


aF=5.35; at 1% level of significance F=4.92: difference statistically highly 
significant. 

bF=1.75; at 5% level of significance F = 3.14: no statistically significant difference 
among the means. 
ment on S. pulchellum cuttings of all three races took root readily, and the 
plants grew well. These races did, however, exhibit differences in root length 
and probably in the number of roots produced. 


Growth Hormone Content. The differences in growth rate between 
diploid and polyploid plants suggest differences in growth hormone content. 
The auxin content of diploid and colchicine-induced tetraploid marigolds and 
tomatoes has recently been investigated by Gustafson (1944) ; he found that 
the diploids contain considerably more hormone than the autotetraploids. 

An attempt was made during the spring of 1943 to determine the growth 
hormone content of the three chromosome races of S. pulchellum. Because 
of the large amount of material required, it was possible to complete only 
one experiment, which must be regarded as preliminary. However, since the 
results agreed with the general trend observed by Gustafson, it is considered 


desirable to record these results. 
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The hormone content was investigated in plants grown from cuttings 
made about a month previously. Attempts to secure measurable quantities 
of hormone by diffusion from cut tips of branches and from leaves proved 
unsuccessful. By means of ether extraction a small quantity of hormone was 
detectable. 

The diploids and tetraploids were from seven selections each, and the 
hexaploids were from two. The cuttings were not quite in bud, and as nearly 
as possible were of comparable size. About twenty plants, amounting to 11.7 
grams of plant material of each race, were frozen and ground up in a mortar. 
The hormone was extracted with ether, and the standard Avena technique 
was used to detect the relative amounts of hormone present (Went & Thi- 
mann 1937). To make the results strictly comparable the experiments on the 
three races were all done at the same time and with the same lot of Avena 
seedlings. Relative amounts of growth hormone as measured by curvature 
of Avena coleoptiles were: diploid 8.4, tetraploid 6.8, and hexaploid 5.17. 
Accordingly, it appears that in this species polyploidy is correlated with a 


decrease in growth hormone content. 





Time of Flowering. The retardation of growth rate characteristic of 
polyploidy is often correlated with delayed flowering of the polyploids. 
Shifriss (1942) found that when diploid and tetraploid Cucumis were grown 
in the field, the tetraploids were from 30 to 40 days later in maturing than 
the diploids. Under greenhouse conditions the two races produced staminate 
flowers at the same time but the diploids preceded the tetraploids by from 
8 to 14 days in the production of pistillate flowers. According to Mehlquist, 
Blodgett and Bruscia (1943) diploid plants of Delphinium flower about two 
weeks earlier than the tetraploids. Frequently tetraploids flower only a few 
days later than diploids, as in Stipa (Stebbins 1942), Nasturtium (Manton 
1935), ete. 

The time of flowering of S. pulchellum was computed from the date of 
the opening of the first flower in each of four plants of each selection when 
possible. Because of the small number of selections of hexaploids, the dates 
of flowering of from five to seven hexaploids of each selection were recorded. 
The number of days from the sowing of the seed to this date was calculated, 
and these numbers were used in the statistical analysis. The results were: 
diploid, 58 plants of 15 selections had a mean number of days of 201.8 + 1.44; 


Explanation of figures 37-42 










Fic. 37. Relative frequencies of lengths of longest roots of three races of Sedum 
pulchellum, based on roots of 25 diploids, 24 tetraploids, and 24 hexaploids. Fie. 38. 
Lengths of longest roots of 73 cuttings of the three races. Fic. 39. Relative frequencies 
of number of days from sowing of seed until flowering of the three races. Fic. 40. Distri- 
bution of numbers of days from sowing of seed until flowering of 101 plants. Fie. 41. 
Relative frequencies of dry weight of shoots of cuttings of the three races. Fie. 42. 
Distribution of dry weights of shoots of 37 cuttings. 
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tetraploid, 35 plants of 12 selections, 213.6 


3 selections, 217.3 


2.17; and hexaploid, 18 plants of 
19.87; at the 1 per cent level 
4.82; a statistically highly significant difference exists 





1.7. For these values F 








of significance F 
among the means. 

On the average, the diploids flowered about twelve days earlier than the 
tetraploids, which in turn were about four days earlier than the hexaploids. 
A graph of the distribution of the time of flowering in the three races is pre- 
sented in figures 39 and 40. The first diploid flower appeared exactly twelve 
days before the first tetraploid. Forty days elapsed between the time of 
flowering of the first and second tetraploids, during which time fourteen 
more diploids had come into bloom. 








The first hexaploid flower was 47 days later than the first tetraploid, and 
59 days later than the first diploid flower. The retardation in maturity atten- 









dant upon increase in chromosome number is strikingly shown by these 
results. 





Dry Weight and Water Content. Dry weight and water content 
samples of the three races were determined. 







TABLE 13. Dry weight and water content of cuttings of S. putchellum. 







No. of Mean dry weight 
Race a ae ee Mean water content! 
plants in grams 
Diploid 13 0.0358 + .0067 93.169% + .623 
Tetraploid 1] 0.0647 + .0063 93.273% +.791 
Hexaploid 13 0.0329 + .0129 92.760% + .784 


















'\F=8.76; at the 1% level of significance F=5.27: difference among the means 
statistically significant. 
» No significant difference among the means: 


variation within races greater than 
differences between means. 





The small number of plants grown from seed the second vear prevented 
the use of such plants, and it was necessary to resort to plants produced from 
cuttings. The cuttings were made about two months before the experiment 
was started, and they were grown under uniform conditions. They were 
sampled several hours after thorough watering and were in equilibrium with 
the moist soil when removed from the soil for weighing. The mean values 
obtained for dry weight and for water content are shown in table 13. Figures 
41 and 42 present these results graphically. 

The tetraploids have a much higher dry weight than the other two races, 
the diploids being second, with the hexaploids slightly lower than the dip- 
loids. The difference between the dry weights of diploids and hexaploids is 
not statistically significant. 

The order of dry weights agrees well with the relationship found in 
length of roots of the cuttings, for the roots of the tetraploids were by far 
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the longest, and those of the hexaploids were slightly shorter than those of 
the diploids. 

The increased dry weight of the tetraploids is to be expected from their 
general robustness. A similar increase has been reported in sugar beets, 
where the dry weight of the shoots of triploids was 17.8 per cent higher than 
that of diploids (Peto & Boyes 1940). Barr and Newcomer (1943) recently 
found that in cabbage the dry weight of the colchicine-induced tetraploids 
was higher than that of the diploids. On the contrary, Hesse (1938) found 
that in Petunia the diploids have a higher dry weight than the tetraploids. 
The difference is significant at 59 days but not after that time. 

Since no published data have been found on the dry weight of other hexa- 
ploids, it is not known whether hexaploids typically have a lower dry weight 
than tetraploids. 

The water content of the Sedum cuttings was determined when the dry 
weight was investigated. As may be seen in table 13 there was no significant 
difference in water content of the three races. 


Polyploids of various plants differ with respect to water content. Kostov 


and Aksamitnaia (1935) found that in autotetraploid Lycopersicum escu- 
lentum (Solanum Lycopersicum) the water content was 91.3 per cent, and 
in the diploids 90.4 per cent. It was not stated whether the difference was 
significant. Fabergé (1936) found no significant difference in the water con- 
tent of diploid and tetraploid tomatoes. In Petunia Hesse (1938) discovered 
that when the plants were given plenty of water there was no appreciable 
difference in the water content of diploids and tetraploids, but when the 
plants were cultivated dry, there was a difference. Both forms showed a 
decrease in water content, but the decrease was less in the tetraploid. After 
59 days of growth under dry conditions the higher water content of the 
tetraploids was statistically significant. 


Discussion of Physiology. These experiments clearly demonstrate that 
polyploid races of S. pulchellum differ from the diploids in a number of 
physiological characteristics ; some of which should make it possible for the 
different races to occupy different ecological habitats. 

Differences in developmental rate, growth hormone content, and dry 
weight reflect fundamental physiological differences. That chromosome 
doubling alone does not in every genus enable a plant to withstand more 
adverse conditions is shown by the fact that the polyploids were more 
severely injured by tannic acid than the diploids were. It is possible that the 
more rapid development and earlier flowering of the diploids might enable 
them to exist under ecological conditions much different from those occupied 
by the polyploids. However, whenever an excess or a deficiency of soil mois- 
ture is an important ecological factor, the diploids would have a much poorer 
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chance of survival than the polyploids. It is evident from the experiment on 
competition that in a habitat generally favorable for the species as a whole, 
if the three races should oecur together, the hexaploids would be likely to 
thrive at the expense of the other two races, and the diploids might be almost 
completely crowded out. 

Unfortunately, no information is available concerning the ecological con- 
ditions where the collections of these races were made. The distribution of 
the hexaploids is greatly restricted as compared with that of the other two 
races (Baldwin 1943). However, this does not necessarily imply that the 
hexaploid race is least capable of spreading. Its limited range may easily be 
explained by the fact that it has doubtless originated most recently and has 
not yet had time to become widespread. 


SUMMARY 


1. A statistical comparison was made of the diploid, autotetraploid, and 
autohexaploid races of Sedum pulchellum collected from 39 stations through- 
out the geographic range cf the species. 

2. The races differed significantly in the size of juvenile and mature 
leaves, diameter of juvenile stems, number of flowering shoots, number of 
flowers per inflorescence, and size and weight of seeds. In general, an in- 
crease in size accompanied an increase in chromosome number. 

3. Certain exceptions to this general relation were noted: the length of 
the mature leaves decreased with an increase in chromosome number, and the 
mature leaves of the tetraploids were narrower than those of the diploids. 
The mature leaves of the hexaploids, however, were wider than those of the 
diploids. 

4. With each additional set of chromosomes there was an. increase in the 
number of flowering shoots but a decrease in the number of flowers per inflo- 
rescence, making it probable that the tetraploids would have the most flowers 
and the hexaploids the fewest. 

5. Although the addition of one extra set of chromosomes was not suffi- 
cient to effect a significant change in the ratio of length to width of mature 
leaves or the number of flowers per inflorescence, the addition of two sets of 
chromosomes resulted in significant changes. 

6. No statistically significant difference was found in the diameter of the 
length of the flowering shoots. 

7. In addition to the differences among races, the various selections 
within each race differed significantly among themselves in size of leaves and 
seeds. K 

8. Statistical analysis was made of cell size, and a highly significant 
difference was found between races. The areas of the epidermal cells of pri- 
mary leaves were found to be in the proportion 1.00: 1.16: 1.67 for diploids, 
tetraploids, and hexaploids respectively. 
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9. The hexaploid race was able to withstand both an excess and a defi- 


cieney of water better than the other two races; the diploids had the poorest 


survival under both of these extremes. 

10. The diploids were superior to the other two races in the ability to 
withstand tannic acid in the soil. The hexaploids were injured most severely 
by the tannie acid. 

11. In competition within and among races, the hexaploids were most 
successful and the diploids were least successful. 

12. Although cuttings of all three races rooted readily, the root develop- 
ment of the tetraploids surpassed that of the other two. The hexaploids 
developed the smallest root systems. 

13. There was a progressive decrease in growth hormone content with 
increase in chromosome number. 

14. Diploids flowered twelve days earlier than the tetraploids, which in 
turn were about four days earlier than the hexaploids. 

15. The dry weight of the tetraploids was much greater than that of the 
other two races. 

16. No significant difference was found in the water content of the three 
races. 

DEPARTMENT OF BOTANY, UNIVERSITY OF MICHIGAN 
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A COMPOUND LEAF WITH ANNUAL INCREMENTS 
OF GROWTH 


ALEXANDER F. SkuTCH 


Guarea rhopalocarpa Radlk. is a tree of medium size belonging to the 
Meliaceae or Mahogany Family and apparently endemic in Costa Rica. 
While collecting on the northern slopes of the Cordillera Central, in the 
vicinity of Vara Blanca, I found it very abundant in the wet, epiphyte-laden 
forest between 5000 and 6000 feet (1500—1800 m.) above sea-level. Here it 
reached an estimated maximum height of 85 feet (26 m.), with a usually 
slender trunk that rarely attained a diameter of 30 inches (76 em.) at 
breast height. The bole was often irregularly thickened, with prominent 
longitudinal ridges and furrows. The light gray bark was close and smooth, 
except for the warty lenticels. During 1938 this species displayed its small 
white flowers in abundance during the latter part of February and the first 
ten days of March, that is, in the driest part of the vear. 

The crown of the tree is typically narrow, without wide-spreading 
branches even when it grows in the clearings, and is remarkable for the 
great compactness of the foilage. The unusual density of its leafage is 
caused, in large measure, by the circumstance that the compound leaves are 
not periodically shed in their entirety, like those of all other trees with 
which I am familiar, but their -rachises remain indefinitely a part of the tree, 
and elongate from year to year—behave, in fact, very much like branches 
of indeterminate growth. 

The leaves of Guarea rhopalocarpa are pinnately compound and, when 
they first expand on new shoots, consist usually of two or three, more rarely 
of one or four, pairs of oblong, acuminate, opposite leaflets. Although I ex- 
amined the crowns of a number of trees through binoculars, only once did I 
find a new leaf with as many as five pairs of leaflets, and this was not in the 
top of a large tree, but on a vigorous sprout springing from a stump. The 
leaflets are from 5 to 10 inches (12-25 em.) long and from 2 to 4 inches 

5-10 em.) broad. When young they are pubescent with simple hairs; but 
as they mature they become increasingly glabrous; and on old leaflets the 
pubescence is confined to the midrib above and below, and to the veins on 
the lower surface. 

The leaflets are always—except when one fails to develop or is lost—in 
pairs, and there is never an odd one at the apex of the rachis, as in so many 
pinnately-compound leaves. On the contrary, the end of the rachis is termi- 
nated by a bud, which consists of the rudiments of several pairs of leaflets, 
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folded together upward and with their margins rolled inward, and of a 
terminal growing point (fig. 1). In mid-March, when the most recently 
expanded leaflets were just maturing, the rudiments of two or three pairs 
of leaflets might be distinguished in the bud with a hand lens or even the 
naked eye. The largest rudiment was from 2.5 to 5 mm. long. This bud is 
naked, in the sense that it is not enveloped in protective seales; but the 
young organs are covered by a copious growth of short hairs. Similarly, the 
stem-buds, both terminal and lateral, are unprotected, except for the hairs 
which envelope the tender rudiments. 

In February, when the terminal buds of the branches elongate to pro- 
duce new leafy shoots, the buds which terminate the rachises also become 
active, and give rise to new lengths of rachis, bearing additional pairs of 


leaflets, usually two, but frequently three, and sometimes only one, to each 


Fic. 1. Apex of rachis of leaf of Guarea rhopalocarpa, showing the resting bud. P = 
bases of petiolules of terminal pair of expanded leaflets, which have been cut away; 
R=rudiments of three leaflets. x 5. 


leaf. Until they are practically full grown, these new leaflets are deflexed 
below the rachis, with their lower sides facing each other. Even for some 
time after they have attained their full size, they may be distinguished from 
the older pairs of leaflets of the same leaf by their much lighter, fresher 
green. 

The growth of the rachis is renewed in this fashion from year to year. 
Whether it occurs only annually, or sometimes also at shorter intervals, 
my observations were not continued sufficiently long to determine. The 
rachis accordingly becomes very long, but always remains slender and 
withe-like, so that it droops under its own weight and that of the leaflets it 
supports. The longest rachis which I actually had in hand measured 50 
inches (127 em.), including the petiole, but was only } inch (6 mm.) in 


diameter near the base. This rachis had produced, as indicated by living 
leaflets and the sears left by the fallen ones, a total of 22 pairs of leaflets, 
including two pairs newly expanded during the present season. Allowing 
for the production of two or three pairs of leaflets each year, its age would 
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have been from 7 to 11 years. Possibly it was even older, for sometimes only 
a single pair of leaflets is produced at the time of bud-elongation. 

The leaflets persist and remain green through several seasons (or at least 
through several periods of bud-elongation), for in March 5 or 6 pairs of 
living, mature leaflets were frequently found on a single leaf, while only two 
or three new pairs are produced at a time. This at least is true of trees in 
the forest ; on trees growing in the clearings, there are usually not so many 
pairs of living leaflets per leaf, suggesting that they do not survive so long. 
When the leaflets at length fall away, they leave the basal portion of the 
rachis quite naked; for, unlike a true branch, it bears no buds in the axils 
of the leaflets, and hence gives rise to no lateral shoots. In other respects, the 
rachis quite resembles a slender, whip-like branch, both in external appear- 
ance and internal structure ; it becomes covered with a corky bark, and pro- 
duces much secondary wood within. The older, bark-covered portion of the 
rachis contrasts sharply with the more slender, green terminal part which 
has newly elongated. 

In cross section, the rachis and petiole of Guarea rhopelocarpa present 
many small collateral vascular bundles arranged in an irregular circle or 
somewhat four-sided figure around the central pith. An active cambium, 
already forming a nearly complete ring, was found behind the terminal 
pair of leaflets of a leaf that had a resting bud at its apex. A section through 
the rachis of a leaf with several increments of growth, made at a point below 
the oldest living leaflet, revealed a thick layer of secondary wood, composed 
chiefly of thick-walled fibers, with scattered vessels, uniseriate vascular 
rays, and an active cambium. Two annual rings could be distinguished. 
Because a microscope was not available while | dwelt in the region where the 
Guarea grows and no extensive series of material was preserved, it was not 
possible to correlate the number of annual rings in the wood of the petiole 
with the number of leaflets that the leaf had produced. This would have 
made an instructive study. 

In an attempt to decide which features, if any, in the internal structure 
of the axis of the leaf of Guarea rhopalocarpa are correlated with its pecu- 
liar habit of growth, I examined the leaves of a number of other trees. In 
many compound leaves, the petiole and lower part of the rachis present in 
cross-section a structure not unlike that of a young stem, with collateral or 
at times bicollateral vascular bundles arranged in a ring around the central 
pith. Often a complete ring of cambium (fascicular and interfascicular) 
develops early and produces a certain amount of secondary xylem and 
phloem, the former with typical if short vascular rays. Such stem-like 


structure, with a closed cylinder of cambium and secondary wood and 


phloem, was found in petiole or rachis of Cupania fulvida, Dipterodendron 
elegans, Jacaranda spp., Simarouba amara, Spathodea campanulata, 
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Spondias lutea, Turpinia occidentalis, ete. Essentially similar structure— 
including a small amount of secondary thickening—was found in the 
petioles of such large simple leaves as those of Cecropia sp., Croton spp., 
Ricinus communis, ete. Thus in its primary structure the axis of the leaf of 
Guarea rhopalocarpa is, because of the somewhat irregular arrangement 
of the vascular bundles, less stem-like than that of some of the other leaves 
mentioned in this paragraph. In its secondary structure it differs in the 
greater thickness of wood produced by the cambium, (at least-greater in 
proportion to the whole diameter of the petiole), in the presence of annual 
rings, and in the formation of cork, which is by no means common on 
petioles. 

There are many woody plants whose lateral shoots behave much like 
compound leaves. These are chiefly trees and shrubs which produce a multi- 
tude of small leaves set close together on branches of determinate growth. 
At the time of leaf-shedding, these plants, instead of dropping each tiny 
leaf individually, economize effort and cast off their twiglets with the foliage 
still attached to them. The bald cypress, the arbor vitae, the araucaria and 
other conifers belong to this class. The willow sheds first its leaves and then 
many of the slender twigs which bore them, just as many trees with com- 
pound leaves drop first their leaflets and then the naked rachis to which 
they had been attached. The Central American rubber tree (Castilla) also 
sheds the lateral, leaf-bearing branches from the lower part of its straight 
trunk, which produces few permanent branches. 

But although there are so many examples of branches which simulate 
compound leaves, | am familiar with no other example of a compound leaf 
which simulates a branch so completely as this. Even the great, twice- 
compound leaves of Jacaranda Copaia, each of which represents, function- 
ally, an entire branch system—for until it is forty or fifty feet high, the 
slender, pole-like young tree commonly produces no branches unless injured 

is of perfectly determinate growth. In due course each leaf, a yard or two 
in length, falls away in its entirety, leaving the trunk thickly covered with 
conspicuous scars. One must go to plants of very different kinds to find a 
parallel with the perennial leaves of Guarea rhopalocarpa and related 


species. Welwitschia mirabilis of the deserts of southwestern Africa pro- 


duces only a single pair of leaves, that must serve this curious gymnosperm 
during the course of a long life, passed amid the most severe climatic con- 
ditions. But these are simple, strap-like leaves, and elongate from the base 
rather than at the apex. A somewhat closer parallel to the leaves of our 
Guarea is found among ferns of the genus Dicranopteris. The scrambling 
fronds of these tropical ferns branch repeatedly in a dichotomous fashion, 
and produce resting buds in the angles of the principal forks. After a 
period of quiescence, the buds become active and increase the length of the 
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frond, very much as the bud at the apex of the rachis of Guarea increases 
the length of the leaf. 


SUMMARY 


Guarea rhopalocarpa, a medium-sized tree of the Costa Rican mountains, 
is distinguished by the unusual density of the foliage of its narrow crown. 

Each of the pinnately-compound leaves consists, when first expanded, 
of from one to four pairs of opposite leaflets, and bears at the apex of the 
rachis a resting bud containing the rudiments of several additional pairs of 
leaflets. The following vear, at the same time that the tree produces new 
leafy shoots, the bud at the tip of the rachis becomes active and gives rise 
to an additional length of rachis, bearing from one to three additional pairs 
of leaflets. Thus the leaf grows in length from year to year, behaving much 
like a branch, but without lateral buds. The individual leaflets appear to per- 
sist for two or possibly three vears. The rachis may reach 127 em. in length 
and produce a total of 22 pairs of leaflets, including those living and fallen, 
indicating an age of from seven to eleven vears for the whole branch-like 
leaf. 

The petiole and rachis of the leaf of Guarea rhopalocarpa present in 
cross-section a stem-like structure and are early provided with a closed ring 
of cambium. In this they agree with the axis of many other large compound 
leaves, also with the petioles of big simple leaves. They differ from the 
corresponding parts of the other leaves examined in the relatively greater 


thickness of the secondary tissues resulting from their greater age, the 


formation of annual rings in the wood, and in the production of a corky bark. 
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THE ORIGIN OF THE MICROSPORANGIUM OF 
PSEU DOTSUGA' 


GEORGE §S. ALLEN 


In view of the important principles involved, it is surprising that Bower’s 
(1896) observations and deductions relative to the sporangium have been so 
completely neglected by more recent investigators. Bower’s discovery that 
there exists in the ferns a parallel ‘‘ . . . between the bulk and mode of seg- 
mentation of the apices of root, stem, and leaf, and the bulk and segmenta- 
tion of the sporangia of the same plants’’ is very significant. Bower came to 
the conclusion that ‘‘the mode of segmentation of sporangia in vascular 
plants at large corresponds to that of their apical meristems, and the gen- 
eralization may be extended as follows: where the apical meristems are dis- 
stinctly stratified, the structure of the young sporangium is stratified also; 
in those plants in which there is a non-stratified structure, with one or more 
initial cells, and frequent periclinal division of superficial cells near the apex 
of the stem, leaf, or root, there the structure of the young sporangium is not 
distinctly stratified.’’ Bower summarized his viewpoint in these words : ‘‘ The 
study of sporangia or synangia of a plant should be carried out in the light 
of a knowledge of the segmentation of its apical meristems,’’ and made the 
significant suggestion that ‘‘a renewed enquiry into the detailed develop- 
ment of the pollen-sac of Gymnosperms may be expected to yield facts of 
interest in view of the recent demonstrations of the non-stratified structure 
of the meristems at the apex of their axes (Douliot 1890; Koch 1891).’’ 

In view of these pertinent suggestions, it is worth while to enquire into 
the ontogeny of the microsporangium of Pseudotsuga as a representative of 
the gymnosperms, and to relate it to the structure and behavior of the shoot 
apex of the same plant. Before this can be done, however, it is necessary to 
clear up as far as possible the confusion which exists in the literature as to 
the precise meaning of the term ‘‘archesporium.”’ 

In 1880, Goebel introduced the term ‘‘archesporium’’ to designate the 
parent cells of the sporogenous tissne in the vascular plants (see Bower 1908, 
p. 106). Bower (1908, 1935, ete.), in his many references to the sporangium, 


has used ‘‘archesporium’’ consistently with its original meaning. Smith 
(1900) suggested that the term be retained in its original sense for the seed 
plants, but that it should signify the superficial cell or cells in the pteri- 


dophytes from which the spore-forming tissue is derived. This was a some- 


1 Dr. Adriance 8S. Foster suggested this problem and the study was made under his 
direction at the University of California, Berkeley. 
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what confusing attempt to distinguish between the superficial and ‘‘hypo- 
dermal’’ origins of the sporangia in the pteridophytes and seed plants 
respectively. With this change in its meaning, ‘‘archesporium’’ became 


‘ 


practically synonymous with ‘‘sporangial initial(s)’’ and has since been 
used in this sense by several investigators (Coulter & Land 1905; Nichols 
1910; Coulter & Chamberlain 1912; Dupler 1919; Chamberlain 1935; Camp- 
bell 1940). Crozier (1892) and Jackson (1916), in their glossaries of botani- 
cal terms, give the original meaning of the term as introduced by Goebel. 
Unfortunately, recent authors (Chamberlain 1935, Campbell 1940), in 
dealing with the microsporangium of conifers, did not emphasize the funda- 
mental difference which apparently exists between the origin of sporangia 
in all seed plants and that in the lower eusporangiate plants. For example, 
Chamberlain likened the ontogeny of the conifer microsporangium to that 
of Ne lagine lla or Lycopodium s yel he stated that in conifers there is a hypo- 
dermal cell, or layer of cells, which may be called’ the archesporium (spo- 
rangium initials), whereas in fact the lower vascular plants have superficial 
initials which give rise to the sporangium. 

Bower (1908) has pointed out that because the archesporium was recog- 
nized successfully in certain cases, there has been a tendency to expect simi- 


lar success in all cases. To the present writer, the term ‘‘archesporium’”’ 


implies early and precise predestination of certain cells to become sporo- 


genous. In cases where the primary sporogenous cell(s) cannot be recog- 
nized, or where there is no single layer from which all the sporogenous tissue 
is derived, the use of archesporium seems ill-advised and misleading (Smith 
1900, p. 324). Bower (1908) restricted his use of the term to those cases 
; where the cell or cells which give rise to the sporogenous group is 
obvious a: 

This lengthy discussion has been necessary because of the confusing com- 
parisons which have been made between the sporangia of pteridophytes, 
gymnosperms, and the angiosperms on the basis of their ultimate origin. In 
order to avoid misunderstanding, the term ‘‘archesporium’’ will not be used 
with reference to Pseudotsuga; where reference to the literature is necessary, 
‘‘sporangium initial(s)’’ will be added in parentheses in cases where 
‘‘archesporium’’ refers to a cell or group of cells which give rise to both the 


wall layers and the sporogenous tissue. 


ONTOGENY OF THE MICROSPOROPHYLL 


Microsporophylls arise acropetally on the flanks of the strobilus apex 
(figs. 1, 2) and, in the earliest stages, are very similar to foliage-leaf pri- 
mordia (figs. 3, 4, 7, 8). They are first evident as a group of surface cells 
which have elongated radially and then divided periclinally. Continued peri- 
elinal and anticlinal divisions of the surface cells and their derivatives pro- 
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duce a symmetrical hemispheric protuberanee which for a short time de- 


velops by a form of apical growth (fig. 4). The latter ceases rather abruptly 
when the primordium reaches a length of about 75 y, at which time it is a 


symmetrical dome with its main axis at right angles to the surface of the 
strobilus. At a similar stage of development, a foliage-leaf primordium has 
already exhibited an upturning due to asymmetrical growth; its abaxial 


Fig. 1. Diagram of a microsporangiate strobilus in median longisection showing 
zonal pattern of the apex and the arrangement of the sporophyll primordia. August 12, 
1942. x 35. Fic. 2. Longisection through a microsporangiate apex. Note the rapid dif- 
ferentiation within the central tissue zone. August 12, 1942. x 146. Fie. 3. Longisection 
through a young microsporophyll showing evidence of numerous periclinal divisions in the 
surface cells. x 250. Fie. 4. Longisection through a slightly larger microsporophyll. x 250. 
Fic. 5. Longisection of an older microsporophyll showing anticlinal rows of cells in the 
abaxial region which have resulted from continued periclinal division of surface cells 
and their derivatives. Note the surface anticline near the apex. x 250. Fi¢. 6. Transsection 
of a microsporophyll at a point 25 microns from the surface of the strobilus and 75 
microns from the tip of the sporophyll. Note the anticlinal rows of cells in the abaxial 


_ Or 
region. x 250, 


surface cells elongate more rapidly than those of the adaxial surface. Apical 
growth virtually ceases at this early stage in both kinds of primordia and 
continued growth in length of the appendages is intercalary. 

Beyond this early stage, cells of the adaxial surface of the microsporo- 


phyll begin to vacuolate and cell division is infrequent (figs. 8, 9) ; when it 
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does occur the new wall is always anticlinal. Abaxial surface cells continue 
to divide actively, both periclinally and anticlinally, resulting in a growth 
in volume of the young sporophyll (figs. 4, 8). The center of meristematic 
activity gradually shifts from the apex of the sporophyll towards the abaxial 
surface, the central region of which becomes the generative area of the voung 
sporangia. It is significant that the activity of the abaxial surface cells and 
their derivatives does not result in a decided upturning of the sporophyll as 
might be expected; this is due in part to the predominance of periclinal 
divisions in this region, and in part to the elongation of the cells of the 
adaxial surface. In contrast, the young foliage-leaf primordium exhibits an 
early upturning as described. The leaf and the sporophyll primordia are, 


therefore, distinguishable from one another at an early stage of development. 





Fic. 7. Longisection through a young microsporophyll. Note the numerous surface 
periclines, August 12, 1942. «191. Fie. 8. Longisection through a larger sporophyll 
showing anticlinal rows of cells in the abaxial region and an anticlinal division near the 
apex. Note the differentiated appearance of the adaxial surface region and the meri 
stematie condition of the abaxial region. x 342. Fig. 9. Longisection through a still 
older microsporophyll in which the abaxial surface region is still highly meristematic. 
Note the surface pericline. « 191. 

The latter are more massive and shorter and stand nearly perpendicular to 
the strobilus surface with only a slight upturning of the tip; foliage-leaf 
primordia show a narrow angle of insertion and the apical portién is more 


or less appressed to the surface of the shoot apex. 


ONTOGENY OF THE MICROSPORANGIUM 


An attempt has been made in this study to trace the microsporangium 
to its ultimate origin as has been done successfully for many of the lower 
vascular plants (Bower 1908), and for certain of the cyeads (Smith 1907, 
Starr 1910; see Chamberlain 1935). It has not been possible, with the mate- 
rial at hand and the microtechnique employed, to find any good evidence for 
the existence of a ‘‘hypodermal archesporium’’ (sporangium initials) as 
deseribed by Chamberlain (1935) for conifers and eyeads. Sporogenous cells 
cannot be recognized with certainty until a relatively late stage of develop- 
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ment; the first of these appear deep within the tissue of the young spo- 
rangium, often from four to six cells in from the abaxial surface. The con- 
tinued growth in volume of the sporangia mainly as a result of numerous 
surface periclinal divisions is significant; there is no ‘‘dermatogen’’ or 
protoderm covering the young microsporophyll or its sporangia. Therefore, 
the coneept of a ‘‘hypodermal’’ origin for the sporangium of this conifer 
cannot be entertained. 

It has not been possible to trace the origin of the sporangium to the divi- 
sion of any given cell or group of cells for the reason that, from the time of 
its inception, the microsporophyll exhibits numerous surface periclines which 
continue until sporogenous cells are differentiated deep within the two spo- 
rangia. It is realized that there may be a precise origin as there is in many 
lower tracheophytes. At the same time, the evidence suggests that a potenti- 
ally sporogenous mass of cells is built up by the activity of the abaxial meri- 
stem and that within this mass only certain cells fulfil their potentialities. 
It is of interest that a similar lack of precision or predetermination appears 
to exist at other critical points in the life history of Pseudotsuga, particu- 
larly in the growing apices of root and shoot, and in the developing embryo 
(Allen 1945). 

The following conclusions appear to be justified on the basis of the obser- 
vations deseribed. 


1. There is no protoderm covering the young sporophyll completely or 
covering its two young sporangia. A considerable part of the growth in vol- 
ume of the sporophyll and sporangia is due to continued periclinal divisions 
of surface cells. The sporangia are not invested by a true sporophyll epi- 
dermis as is the case in the angiosperms (see Coulter & Chamberlain 1912; 
Hayward 1938), and apparently in other gymnosperms (Chamberlain 1935). 
The surface cells of the sporangium wall ultimately form the epidermis of 
the sporangium ; this is not the case in the angiosperms or, according to some 
authorities (Chamberlain 1935, Smith 1900, Campbell 1940), in the seed 
plants as a whole. The ‘‘exothecium’’ (see Goebel 1935, p. 1792) of Pseudo- 


‘ 


tsuga is therefore the outer layer of the sporangium wall; the ‘‘endo- 
thecium’’ of angiosperms likewise is the outer wall layer but is covered by 
the epidermis of the anther in the early stages. On this basis, the micro- 
sporangium of Pseudotsuga is closely homologous with the sporangia of the 
lower eusporangiate tracheophytes. Furthermore, there is a close similarity 
between the non-stratified structure of the vegetative shoot apex (Allen 
1945) and the non-stratified structure of the microsporangium, a fact thus 
supporting the general thesis of Bower (1896). In contrast, in the angio- 
sperms the sporangium is from the beginning invested by a protoderm as is 
usually the case with the shoot apex (see Bower 1896, p. 8, footnote). 
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2. It seems probable that the sporogenous tissue has a much less precise 
origin than is true of many other vascular plants. 

3. The microsporangium of Pseudotsuga appears to retain, even to exag- 
gerate, the somewhat indefinite and crude ontogeny characteristic of certain 
of the lower tracheophytes (see Bower 1908). Its origin is very dissimilar 
to the precise condition typical of angiosperms, or to the extremely special- 
ized and refined development characteristic of leptosporangiate ferns (Bower 
1889). 


DISCUSSION 


Goebel (1881) concluded, on the basis of a broad comparative study of 
the sporangia of vascular plants, that the microsporangia of conifers are 
comparable throughout their development with the sporangia of lower 
eusporangiate plants. In Pinus the ‘‘archespore’’ consists of one hypoder- 
mal cell; the ‘‘epidermal’’ cell which lies adjacent to it divides periclinally 
to form the first ‘‘tapetal’’ cell. This implies that the sporangium initial 
must have been a surface cell which divided to form the archespore and the 
epidermal cell, the latter then dividing periclinally to produce a primary 
tapetal cell. This does not agree with the hypodermal origin of the spo- 
rangium as described by Chamberlain (1935), Coker (1903), Nichols (1910), 
Coulter and Land (1905), and others. 

Goebel described the change in form of the microsporophyll of Pinus 
during its early development and showed that, whereas the archesporium 
originally lies near the adaxial side, the sporogenous tissue soon occupies a 


position near the abaxial surface owing to the asymmetrical growth of the 


sporophyll. A similar change-takes place in the sporophyll of Pseudotsuga 


as described above, but it was not possible to recognize an archesporium and 
follow its change in relative position ; the shift of the center of meristematic 
activity has been described. 

Coker (1903) reported a hypodermal origin for the microsporangium of 
Taxodium. Nichols (1910) stated that the archesporium (sporangium ini- 
tials) in Juniperus is first recognizable as a plate of radially elongated cells, 
from four to six in number in a single longitudinal section; these divide by 
periclinal walls and the archesporium continues to grow without any differ- 
entiation becoming apparent. Finally, the outer layer divides periclinally to 
form the tapetum internally and the inner layer of the sporangium wall; the 
latter is covered by an epidermis which finally becomes the monolayered wall 
of the mature sporangium. Nichols contrasted this condition with that seen 
in the angiosperms where the epidermis is unimportant in the formaiion of 


‘ 


the wall of the mature pollen sac, and implied that the ‘‘epidermis”’ is in 
both cases homologous. 
Coulter and Land (1905) described the microsporangium of Torreya 


taxifolia as originating from a single hypodermal initial, but their conclu- 
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sions were based upon the behavior of the sporangia which abort to form 
resin ducts, and not upon normal sporangia. A radial row of four eells is 
shown in their figure 9 in which the innermost cell is interpreted by the 
authors as a primary sporogenous cell, the next two as young wall cells, and 


the surface cell is presumably ‘‘epidermal’’ in nature. Without more exact 
data than these it is equally logical to propose a surface initial for the spo- 
rangium. The authors’ interpretation as a microsporangium of the structure 
figured is open to question in any ease. 

Dupler (1919) stated that each microsporangium of Tarus originates as 
a single archesporium (sporangium initial) normally in the hypodermal 
layer. From a very early stage there is an epidermis over the sporophyll and 
the sporangium wall is invested with a sporophyll epidermis as in the angio- 
sperms. Although Dupler described the epidermis as a distinct layer through- 


? 


out, dividing only anticlinally, he found ‘‘ occasional periclines’’ in the sur- 
face layer which gave rise to an epidermis two cells thick at some points. 
This is suggestive of the behavior observed in Pseudotsuga, in which surface 
periclines are common throughout early ontogeny. of the sporangium. 

The current viewpoint is apparently summed up by Chamberlain (1935) 
in the following words: ‘‘The development of the microsporangium (of 
conifers) and its microspores is the usual development of a eusporangiate 
sporangium, and in the earlier stages, does not differ much from that of 
Selaginella, or even from that of a eusporangiate homosporous form like 
Lycopodium. There is a hypodermal cell, or layer of cells, which may be 
called the archesporium (sporangium initials). A periclinal division in the 
archesporium gives rise to two cells, the outer forming the parietal or wall 
layers, and the inner giving rise to the sporogenous tissue.’’ Campbell (1940) 
has this to say about the conifer microsporangium: ‘‘The development of the 
pollen sac may be compared with the sporangium of the eusporangiate fern 
type. In the very early stages there is a hypodermal cell layer, the arche- 
sporium (sporangium initials), which divides into an outer layer, contribut- 
ing to the anther wall, and an inner one which gives rise to the sporogenous 
tissue. The wall of the pollen sac consists of several cell layers, the innermost 
contributing to the tapetum, while the outermost layer may persist as the 
endothecium and with the epidermis forms the wall of the ripe pollen sac.’’ 
There is a serious lack of agreement between these generalized-accounts and 
the facts observed in Pseudotsuga. It does not seem likely that this one 
conifer differs radically from other conifers studied, and an investigation 
of forms such as Abies, Tsuga, and Lariz among the Abietaceae, as well as a 


re-examination of Pinus, Ginkgo, and the eveads, is much to be desired. 


Investigations dealing with the eyeads and with Ginkgo (Smith 1907, 
Lang 1897, Starr 1910, Chamberlain 1935) indicated that the microspo- 
rangium of these gymnosperms has a hypodermal origin. Some of the illus- 
trations purporting to support this view are, however, suggestive of the 
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behavior found in and described above for Pseudotsuga (see Smith 1907, 
figs. 11, 28; Starr 1910, fig. 5) ; surface periclines are indicated and a hypo- 
dermal origin seems questionable without other more convincing evidence. 
[t is noteworthy that Wilson Smith (1900), in his discussion of the homology 
of the archesporium, stated that there may be periclinal divisions in the 
superficial cells of the sporangium of gymnosperms, but that these occur 
only after the differentiation of the archesporium. On the contrary, all evi- 
dence from this study points to a continuity of surface periclines from the 
visible beginning of the microsporophyll until the differentiation of sporo- 
genous tissue. 

From a speculative viewpoint, there are two reasons why a hypodermal 
origin for the microsporangium of gymnosperms might be considered re- 
markable. In the first piace, the cveads, with their many similarities to the 


‘ 


lower vascular plants, might be expected a priori to have, in the ‘‘ conserva- 
tive’’ microsporangium, an ontogeny similar to that of the lower eusporangi- 
ate tracheophytes. Jeffrey (1917), for example, considered the mature spo- 
rangia of eycads closely similar to those of the pteridophytes. It does seem 
surprising, in view of the many dissimilarities between the cyeads and the 
angiosperms, that the cyecad microsporangium should have a precise internal 
origin much like that in the angiosperms. If such a similarity does exist then 
Bower’s (1896) generalization for the vascular plants does not hold for the 
gymnosperms. Secondly, the general lack of a discrete surface layer or layers 
at the shoot apex of most gymnosperms (see Foster 1941) contrasts remark- 
ably with the discrete protoderm which supposedly covers the young sporo- 
phyll and its sporangia during early ontogeny (see Smith 1900). It is again 
emphasized that the shoot apex of many gymnosperms is unstratified whereas 
the young sporangium is apparently stratified; obviously, if this is true, 
Bower’s generalization is in serious error. 

Pertinent to this discussion is the statement made by Bower (1908) that 


ee 


in the sporangium of the Ophioglossales, with the larger size goes 


less definite segmentation while greater definiteness is seen with the smaller 


oe 


types.’’ On page 112 Bower stated that the sporogenous group in 
many of the Eusporangiate forms does not arise from any single archesporial 
cell, or definite group of cells ; moreover, cells which are obviously sister-cells 
may not unfrequently be found te develop the one sterile, the other fertile. 
This suggsts on the basis of structure that the fertile tract is a residuum left 
by advancing sterilization, while the ragged and ill-defined limits point to 
the conclusion that the sterile and fertile tracts are closely related ; in fact, 
that they hada common origin, and that the final condition represents the 
balance struck between sterile and fertile development.’’ Further, Bower 
(1908, p. 319) found in Jsoetes *‘ . . . the first periclinal divisions . . . do 
not absolutely define the future sporogenous tissue; it has been repeatedly 


seen that additions to it may be made by subsequent periclinal divisions of 
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the superficial cells. . . .’’ Bower found a similar behavior in Selagimella 
(p. 316-317), in Equisetum (p. 377-378), and in Lycopodium (p. 314) in 
a number of cases studied. In view of the observations described above for 
Pseudotsuga, the implications of Bower’s findings and deductions are obvi- 
ous ; definite conclusions, however, must await further study of other gymno- 
sperms. 

With the exception of Ginkgo (Jeffrey 1917, p. 218), gymnosperms are 
said to have an ‘‘exothecium’’ like that of the pteridophytes, whereas the 


angiosperms have an ‘‘endothecium,’’ that is, the hypodermal layer of the 
microsporangium is concerned with dehiscence (Goebel 1933, p. 1792). Jef- 
frey (1917) described the sporangium of pteridophytes and eyeads as 
‘‘ecktokinetie’’ (equivalent to having an exothecium), and that of the higher 


‘ 


seed plants, including Ginkgo, as ‘‘endokinetic’’ (equivalent to having an 
endothecium ). The dehiscence layer of angiosperms and of pteridophytes is 
admittedly the actual outer laver of the sporangium wall, as it is in Pseudo- 
tsuga; the dehiscence layer is therefore superficial in Pseudotsuga and in the 
pteridophytes, but originates beneath a discrete surface layer in the angio- 
sperms. According to the literature (Chamberlain 1935; ete.), the gymno- 
sperms as a whole could not fit into this picture since the ‘‘epidermis’’ and 
not the outer layer of the sporangium wall forms the dehiscence layer or 
exothecium (see Campbell 1940, p. 492). The obvious disagreement between 
this viewpoint and the behavior described for Pseudotsuga suggests that 
other gymnosperms may have microsporangia which are strictly superficial 
in nature as they are in Pseudotsuga rather than internal as they are in the 
angiosperms. 

In conclusion, it seems significant that the abaxial meristem which pro- 
duces the microsporangia of Pseudotsuga has features in common with the 
apical meristem of the vegétative shoot (Allen 1945). In particular, neither 


has a ‘‘stratified’’ structure, which agrees with Bower’s generalization for 
the vascular plants at large. In his noted work on the primitive land plants, 
Bower (1935) concluded ‘‘. . . that on the one hand apical segmentation, 
and on the other morphological definition whether external or internal are 
distinct processes, each of which is determined by the apical region as a 
whole and not by its segments.’’ This concept may indeed be applicable to 
meristems other than that of the shoot apex and may serve as a trustworthy 


guide in a study of the meristem which gives rise to the sporangium. 


SUMMARY 


The microsporangium of Pseudotsuga is a superficial structure and the 
generally accepted concept of a hypodermal origin for the sporangium in 
gymnosperms is open to question. The sporangium cannot be traced to a 
single cell or group of cells. It has an ontogeny similar to that of the lower 
tracheophytes, and, unlike the angiosperm microsporangium, is at no time 
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invested by a protoderm or epidermis genetically continuous with that of the 
shoot. Bower’s concept that a relationship exists between stratification of the 
shoot apex and stratification of the voung sporangium is borne out by this 


study. 
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TORREY TANICAL CLUB 


NOVEMBER, 1946 


A SPECIES OF HARPOSPORIUM INVADING ITS NEMATODE 
HOST FROM THE STOMA 


(CHARLES DRECHSLER’ 


In 1874 Lohde (3) briefly described a hyphomyecete that he found grow 
ing parasitically on numerous eelworms belonging to a species of Anguillula. 
To this hyphomycete he applied the binomial Harposporium Angutllulae ; 
the generic term then presented for the first time having reference to the 
crescentically curved, sickle-shaped conidia which the fungus produced ter- 
minally on delicate sterigmata arising singly from peculiar round protuber- 
ances formed laterally on the hyphal brapches or hyphal prolongations that 
were extended from the multicellular mycelial filaments, from 2 to 4 in num- 
ber, passing through the animal’s body. As the report of Lohde’s findings 
vives only few intimate particulars and lacks all mention of measurements, 
it would seem to serve far better in establishing the genus than in defining 
a species. Descriptive details were very adequately provided by Zopf (4) 14 
years later in a well illustrated account of a nematode parasite he held iden- 
tical with Lohde’s. The globose sporiferous cells, which in conformity with 
usage prevailing at the time (1, p. 65; 5, p. 314) he designated as basidia, 
were stated by Zopf to vary in diameter from 2.5 to 3.6; the sterigmata 
were represented as mostly being shorter than the diameter of the globose 
parts; the crescentic conidia were set forth as bemmg 1-2 thick and as 
measuring 7-15 y along the chord connecting the two ends. From correspon- 
dence with these structures and with the chlamydospores which Zopf found 
developing in the assimilative hyphae within the animal, it is clear that 
this later author dealt with the same fungus that in my cultures has been 
more abundantly destructive to nematodes than any other hyphomyecete 
attacking these animals parasitically rather than in a predaceous manner. 
Occasionally I have encountered Harposporium material which, though bear- 
ing crescentic conidia, and in general conforming to Lohde’s account, ap 
pears alien to the ubiquitous species so accurately made known by Zopf 
Thus, in a maizemeal-agar plate culture that had been planted with decidu 
ous leaf mold collected on Polish Mountain about 10 miles east of Cumber 
land, Maryland, early in July, 1935, numerous nematode larvae were found 
undergoing destruction by a minute Harposporium whose globose sporifer- 


ous cells measured only 2.3—2.6 y in diameter, while its sickle-shaped conidia, 


1 Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, 
U. S. Department of Agriculture; Plant Industry Station, Beltsville, Maryland. 
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C. Drechsler del. 


Figs. 1-5. Harposporium bysmatosporum, drawn to a uniform magnification with the 
aid of a camera lucida; x 1000. Fie. 1. Conidium of fungus shown lodged in stoma of 
living animal host (Rhabditis sp.) ; the spore has pushed a narrow germ tube through the 
stomatal lining and given rise within the fleshy body wall to a young assimilative hypha. 
Figs. 2, 3. Longer assimilative hyphae, both still in unseptate unbranched condition; each 
shown arising laterally from a conidium lodged in anterior portion of the stoma of the 
living animal host. Fic. 4. A still longer assimilative hypha shown arising laterally from 
a conidium lodged in the stoma of the living nematode host; this hypha has laid down 3 
erosswalls, and is patting forth a branch. Fic. 5. Dead body of animal host with a long 


1946] 


born 
about 
To d 
conid 
sent s 
rial. . 
not t 
sport 
ous | 
to H. 
such 
cora 
whie 
crese 

T 
whie 
Dree 
friab 


early 
the a 
place 


on @ 
whie 
How 
equa 
host 

I 
con 
spor 
suck 
food 
spor 
steac 
reca 
venu 
poss: 
was 

assin 
whicl 
beari 
steris 
w-y, 

of th 





1946 ] DRECHSLER : HARPOSPORIUM 559 


borne on single sterigmata about 1.3 y long and 0.6 y wide, measured only 
about 0.8 » in width and 3-4.5 y along the chord between the pointed ends. 
To determine whether this form and certain other forms with crescentic 
conidia belong to H. Anguillulae Lohde emend. Zopf, or whether they repre- 
sent species distinct from it, will require further accessions of relevant mate- 
rial. Much'less difficulty is offered by various forms which give rise to conidia 
not typically ecrescentic, yet which in their parasitism on eelworms, in their 
sporulating habit, and more especially in the globose shape of their sporifer- 
ous lateral cells (phialides) reveal unmistakably a congeneric relationship 
to H. Anguillulae. In an earlier paper (2, p. 793-800) I have described three 
such forms as separate species under the binominals H. helicoides, H. oxy- 
coracum, and H. diceraeum. To these may now be added a fourth species 
which likewise produces conidia of a very distinctive shape other than 
erescentic. 

The species in question came to light in a maizemeal-agar plate culture 
which after being permeated with mycelium of Pythium arrhenomanes 
Drechsl. had been further planted with several pinches of partly decayed, 
friable barley (Hordeum vulgare lL.) straw colleeted near Greeley, Colorado, 
early in October, 1945. As the fungus was not observed until 47 days after 
the addition of the decaying straw its earlier development must have taken 
place more slowly than that of most hyphomycetes subsisting parasitically 
on eelworms. Its attack was confined evidently to sharp-tailed eelworms 
which were held referable by Dr. G. Steiner to a single species of Rhabditis. 
However, as the manner of infection displayed by the fungus appears about 
equally well adapted for other species of Rhabditis, the likelihood of a wider 
host range is not to be dismissed. 

Infection is found accomplished always by the germination of a single 
conidium lodged in the anterior portion of the animal’s tubular stoma; the 
spore having very probably reached this place of lodgement through the 
sucking action whereby the members of the genus Rhabditis ingest their 
food. The individual nematodes that have become gagged by intake of a 
spore seem usually to abandon their leisurely manner of locomotion and in- 
stead will hurry on at their greatest speed ; their energetic deportment then 
recalling the violent locomotion more usually observed in nematodes of the 
genus Wilsonema. Close observation of gagged animals is, of course, im- 
possible while their hurried movement continues. Microscopical examination 
was carried out conveniently on preparations made by transferring a sizable 


assimilative filament extending lengthwise through it; the filament bears 11 branches, of 
which 7 have given rise externally to the conidiophorous prolongations a-g; s, phialide 
bearing a simple sterigma with an unusually large conidium; t, phialide bearing a 
sterigma with one branch; u, v, phialides bearing single sterigmata with two branches; 
w-y, phialides, each bearing two separate sterigmata; z, phialide with 2 sterigmata, one 


of them simple, the other bearing a single branch. 
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slab of agar from the Petri plate culture to a glass slide and covering it with 
a cover-glass; the movement of eelworms in such preparations being grad- 
ually halted, apparently from suffocation, everywhere except near the 
periphery of the mount. Among nematodes thus brought to quiescence, 
gagged specimens are readily detected by noticeable distension of the an- 
terior portion of the stoma, and by the presence of a partition separating 
the expanded stomatal region from the unmodified posterior region (figs. 
14). The curious partition represents obviously the spore membrane at the 


more deeply inserted end of the conidium. As a rule the membrane at the 


opposite end of the conidium invites less attention, since it usually les ap- 
proximately in alignment with the frontal profile of the animal’s head and 
therefore often merges more or less with the outline of the stomatal orifice. 
The lateral portion of the conidial membrane is generally found so snugly 
appressed to the lining of the stoma that it no longer can be distinguished as 
a separate wall, though its presence is betrayed through pronounced thicken- 
ing in the contour bounding the distended portion of stoma. 

Once the conidium is seated securely in the stoma of the nematode it puts 
forth a single germ-tube from a position near its more deeply inserted end. 
This germ-tube, mostly about 1 wide, penetrates the stomatal lining to 
enter the fleshy tissues of the head. Sometimes it widens out almost imme- 
diately to a diameter in excess of 2 (fig. 1), but rather more often such 
widening is delayed until a length of about 5 y has been attained (figs. 2-4). 
The crooked course frequently taken by the voung infective germ-tube, as 
also the visible accumulation of yellow material around it, gives the impres 
sion that at the beginning invasion meets with resistance from the affected 
tissues. Occasionally after widening out the invading hypha may elongate 
narrowly for some little distance a second time (fig. 3). Whatever impedi- 
ment may cause this initial inconstancy of width soon becomes inoperative, 
and thereupon the hypha elongates at a diameter of about 2.5 y to make its 
way lengthwise through the fleshy body into the tapering tail until it stops 
growth perhaps within 25 or 30 yu from the pointed caudal tip (figs. 5, 6). 
In most of the smaller eelworm hosts, certainly in most eelworms measuring 
less than 250 in length, only a single main assimilative filament is pro- 
duced ; the total absorptive system being, however, augmented substantially 
through the development frequently of more than a dozen lateral branches 
at intervals varying from 5 to 100 y. While the branches do not usually attain 
lengths in excess of 25 within the animal, most of them participate in 
further development by narrowly perforating the host integument to extend 
a conidiophorous prolongation outside. With the continued expropriation of 
host materials required to sustain development of reproductive apparatus 
externally, the assimilative hyphal system emerges into view more and more 


clearly. It is then revealed as mostly varying in width between 2.5 and 3.5 u, 
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and as being divided by cross-walls into segments 5 to 25 y in length (figs. 
5-7). As the fleshy host contents approach exhaustion—the firm museular 
oesophages and oesphageal bulb remain recognizable longest, but after a 
time melt away like the softer tissues—the mycelial segments become pro- 
nouncedly vacuolate (figs. 6,7). When at last the host contents have vanished 
entirely, the assimilative elements undergo complete evacuation in continu- 
ing to supply the reproductive apparatus. 

The conidiophorous hyphae (figs. 5, a-g; 6, a-f; 7, a-e) of the fungus 
closely resemble those of the ubiquitous Harposporium Anguillulae. They 
are mostly extended procumbently if the animal host happens to die on the 
surface of the agar culture. If, on the other hand, the animal dies well under 
the surface of the agar, they develop readily in submerged positions. They 
mostly vary in length from 15 to 40 y, and in width from 2 to 3 y; the shorter 
examples often containing only 2 axial segments (fig. 6, b), while the longer 
ones frequently contain 5 such segments (figs. 6, f; 7, a) and sometimes a 
greater number. All axial segments except the terminal one are of generally 
evlindrical shape, and each of them is beset laterally with globose cells in 
numbers varying commonly from 2 to 6. Most usually the spherical cell bears 
a single delicate sterigma together with which it makes up a phialide having 
the shape of a narrow-necked Florence flask (fig. 5, s; fig. 8). The terminal 
segment of the conidiophorous hypha serves directly as a phialide, being 
provided most frequently with a single apical sterigma. As the terminal 
phialide often has a somewhat prolate venter it approaches in outward shape 
the more familiar gradually tapering phialides that among hyphomycetes 
parasitic on nematodes occur in members of the genera .icrostalagmus, 
Cephalosporium, and Spicaria (2). 

Although the larger number of phialides bear individually only a single 
unbranched sterigma, this single sterigma in more than a few instances gives 
off a branch and thus comes to be provided with 2 sporiferous tips (figs. 5, t; 
7, o0-v). Oceasionally the sterigma gives off 2 branches, thereby acquiring 3 
sporiferous tips (fig. 5, u, v). Sometimes 2 sterigmata arise from the same 
venter, either close together (figs. 7, z; 9) or from well separated positions 
(figs. 5, x, vy; 10, a) ; and more rarely 3 sterigmata are borne separately (fig. 
10, b). Three sporiferous tips are found present also in scattered instances 


where 2 separate sterigmata have been produced, one remaining simple while 


the other has given off a branch (fig. 5, z). 

It seems probable that phialides with plural sterigmatie tips may bear 
a larger number of conidia than those provided with only one tip. In undis- 
turbed condition, strongly vacuolated phialides with single unbranched 
sterigmata are commonly found bearing individually a cluster of from 4 
to 6 conidia in more or less parallel arrangement (fig. 11). The conidia are 


of bizarre shape in some degree reminiscent of the conidia of Harposportum 
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Figs. 6-13. Harposporium bysmatosporum, drawn to a uniform magnification with the 
aid of a camera lucida; x 1000. Fic. 6. Dead body of nematode host (Rhabditis sp.) 
with a long assimilative hypha extending lengthwise through it; 6 of the 7 lateral hyphal 
branches present have given rise externally to the conidiophorous prolongations a-f, which 
bear phialides furnished uniformly with single unbranched sterigmata. Fie. 7. Median 
portion of dead animal host, showing 6 branches coming from the main assimilative 
hypha; five of the branches have given rise externally to the conidiophorous prolongations 
a-e; 0-y, phialides furnished with single sterigmata, each of which bears one branch; 2, 
elongate terminal phialide with two sterigmata arising from its apex. Fie. 8. Globose 
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diceraeum. A narrow, recurved, minute basal pedicel is directed at an acute 
angle to the main cylindrical portion of the spore. Proximally the spore 
bulges out rather markedly toward the side opposite the pedicel. At the 
distal end it often widens perceptibly, the contour here usually bulging 
slightly less toward the pedicel side than toward the opposite side. On the 
whole the conidia appear to be somewhat larger than those of H. diceraeum, 
their length varying mostly from 4.5 to 6.5 y, and their width, measured in 
the unmodified median region, varying from 0.8 to 1.4 (fig. 12). Here and 
there relatively massive conidia are found measuring 1.5 to 2.1 u im median 
width (figs. 5, s; 13). 

It may be presumed that the curious modifications in the form of conidia 
represent features adapting them for lodgment in the stoma of the host 
animal. Such lodgment obviously affords a much more secure foothold on the 
eelworm than could ordinarily be provided through adhesion to the integu- 
ment, being wholly unaffected by any brushing action brought about by the 
movement of the nematode through materials of harsh texture. Among con- 
generic forms Harposporium diceraeum would seem most likely to be simi- 
larly adapted for stomatal infection, as its conidia are of size and shape 
whereby they might fit snugly in the stoma of its usual nematode host, 
Plectus parvus Bastian. The possibility of stomatal infection in H. diceraewm 
is hardly to be considered disproved by the single instance of infection from 
an externally adhering conidium which I happened to observe and which I 
took oceasion to illustrate (2, p. 798, fig. 7, A). In any case the curious adap- 
tational features developed by the Colorado fungus in relation to its manner 
of attack may be appropriately signalized in a specific epithet compounded 
in part of a term meaning ‘‘ plug.”’ 


Harposporium bysmatosporum Drechsler, sp. nov. Mycelium nutritum 
incoloratum, septatum, intra vermiculos nematoideos viventes evolutum, 
saepe ex unica hypha filiformi 150-300 longa (quandoque in pluribus 
hyphis ejusmodi) et pluribus (vulgo 5-15) ramis constans; hypha et ramis 
in cellulis 5-25 p longis 2.5-3.5 p erassis consistentibus. Hyphae fertiles post 
mortem animalis extra corpus evolutae; submersae vel repentes, plerumque 
simplices, rarius parum ramosae, septatae,.in axe ex 2-6 cellulis constantes, 
saepius 15-40 : longae, 2-3 y: crassae, hie illic ramulos conidiferos (phialas) 
globosos 3—4 : crassos ferentes; his ramulis conidiferis saepius unico sterig- 
mate quandoque 2-3 sterigmatibus praeditis; sterigmatibus plerumque sim- 


phialide with a single unbranched sterigma to which is attached a full-grown conidium. 
Fic. 9. Terminal phialide with two simple sterigmata arising from its apex. Fie. 10. 
Terminal portion of a conidiophorous hypha, showing a terminal phialide, a, with 2 
sterigmata, and a lateral phialide, b, with 3 separate sterigmata. Fic. 11. Median portion 
of a conidiophorous hypha, showing 4 lateral phialides which have produced clusters of 
conidia; the number of spores in a group varying from 4 to 6. Fic. 12. Random assort 
ment of conidia, showing usual variations in size and shape. Fic. 13. Conidia of more 
than usual size. 
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plicibus, 2-4 uy longis, cirea 0.8 u erassis, subinde 1 vel 2 ramusculis instrue- 
tis, vulgo 46 conidia apice deinceps gignentibus; conidiis continuis, 
incoloratis, ad formam ossi lacerti (umero) paulum similibus, deorsum in 
minutum pedicellum oblique recurvis, sursum rotundatis et saepius plus 
minusve dilatatis, plerumque 4.5-6.5 longis, 0.8-2.1 uy crassis, quando- 
cunque ab vermiculo nematoideo singulatim sumptis stoma animalis obturan- 
tibus et inde hypham germinationis in corpus ejus intrudentibus. 
Vermiculos nematodeos specie Rhabditis necans habitat in stramento 
foliis acere caulibusque) Hordei vulgaris putrescenti prope Greeley, Colo- 
rado 
Assimilative mycelium colorless, septate, growing within living nema- 
todes, frequently consisting of a single main filamentous hypha 150 to 
300 . long (sometimes of several such hyphae) together with lateral branches 
numbering commonly from 5 to 15 and measuring from 5 to 25 y in length; 
the hyphae and branches being composed of segments mostly 5 to 25 py long 
and 2.5 to 3.5 u wide. Conidiophorous hyphae, after death of animal host, 
formed in the surrounding or on the underlying material, with respect to 
their main axis mostly simple, more rarely somewhat meagerly branched, 
divided mostly by 1 to 5 cross-walls, measuring usually 15 to 40 y in length 
and 2 to 3 y in width, bearing laterally here and there globose conidiiferous 
cells (phialides) mostly 3 to 4 1 in diameter ; these cells commonly provided 
with a single sterigma, though occasionally provided with 2 or 3 separate 
sterigmata; the sterigmata usually simple and usually measuring 2 to 4 
in length and 0.8u in width, but occasionally bearing 1 or 2 branches. 
Conidia commonly formed in clusters of 4 to 6, continuous, colorless, some- 
what resembling the human upper-arm-bone in shape, at the base reeurved 
obliquely into a minute pedicel, at the distal end rounded and often notice- 
ably widened, usually measuring 4.5 to 6.5) in length and .8 to 2.1: in 
median width, wherever sucked in by a host nematode stopping up the ani- 
mal’s stoma, and then intruding a germ tube into its fleshy body. 
Destroying nematodes referable to Rhabditis sp., it occurs in decaying 
straw (stems, leaves, and chaff) of Hordeum vulgare near Greeley, Colorado. 
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ANOMALOSICYOS, A NEW GENUS IN CUCURBITACEAE' 
Howarp Scott GENTRY 


In the determination of recent Sinaloan collections a small ecucurbi- 
taceous vine appeared to be generically anomalous. Although clearly related 
to Sicyos it possesses characters atypical of the genus as known in North 
America. The latest monograph of Sicyos is that of Cogniaux published in 
1881 (DC. Monog. Phanerog. 3: 869-899). His later work on the Cueurbi- 
taceae (Pflanzenr. IV, 275. 1916-1924) did not reach the tribe Sicyoidae. In 
the former work his section of Sicyos, Atractocarpos, characterized by 
‘‘Flores feminei solitarii rarius geminati. Fructus compressus, saepius fusi- 
formis, pericarpio tenui,’’ would include the Sinaloa plant under considera- 
tion. Section Atractocarpos ineludes six South American species, which, ex- 
cept those with flattened fruits, appear to show no common difference 
from the Sinaloa plant, which has a nearly terete fruit. All of these species 
form a distinct and clearly related assemblage characterized by reduced 
anthers and slender, fusiform, solitary or geminate, long-pedunculate fruits. 
Because the name Atractocarpus is preoccupied by a grass genus and is 
likewise identical in etymology with Atractocarpos, it is not available for 
what is clearly a genus worthy of separation from Sicyos. 


Anomalosicyos Gentry, gen. nov. Herbae annuae, scandentes, glabrae 
vel pubescenti-scabriusculae ; folia membranacea, angulata vel lobata; cirrhi 
2-3-fidi ; flores monoici, parvi vel minuti; masculi racemosi ; calycis tubus late 
campanulatus, dentibus 5 parvis remotis subulatis vel vestigialibus ; corolla 
rotata vel subecampanulata, 5-partita, segmentis triangulari-ovatis, cum 
calyee omnino confiuentibus; stamina 2 vel 3, fundo calycis inserta; fila- 
mentis in columnam brevem connatis; antherae ad apicem columnae sessiles 
in ecapitulum connatae, loculis arcuatis; flores feminei in eadem axilla cum 
inflorescentia mascula solitarii vel geminati, pedunculati; corolla tubiforma 
rotata ; staminodia nulla; ovarium lineari-fusiforme, rostratum setosum, uni- 
loculare ; stylus brevis, gracilis, stigmatibus 3 papillosis; ovulum unicum, ex 
apice loculi pendulum ; fructus parvis, indehiscens, lineari-fusiformis, teretis 
vel compressus, longe pedunculatus, pendulus ; semen loculo conforme, testa 
membranacea. Species typicus, Anomalosicyos barbatus. 

Anomalosicyos barbatus Gentry, sp, nov. Herba scandens; caulis 
ramique graciles, striati, sparse glandulosi-puberulentes, ad nodos pilis 
longis albis praediti; petiolus 2-4 em. longus albi-pubescens, piliolis inter- 
dum glanduliferis ; folia membranacea, lata cordata, 5—8 em. longa, 7-10 em. 
lata, apiculata subtiliter denticulata, ad basim late emarginata, 3—5-lobata 
lobis late triangularis, omnibuis lobis aristatis, sparse scabri-puberulenta ; 


1 Publ. No, 839 from the Department of Botany, University of Michigan. 
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cirrhi graciles 3-fidi; ¢ peduneuli filiformes, 6-7 em. longi, ad apicem leviter 
puberulentes; pedicelli glabri 7-10 mm. longi; ¢ flores minuti, albi, cam- 
panulati; corolla 3 mm. alta, 4 mm. lata, intus glandulosi-hirtella, segmentis 
ovati-triangularibus, 1.5 mm. longis, leviter hirtellis; sepala vestigialia; an- 
therae 2 vel 3, exsertae, loculis flexuosis arcuatis; 2 pedunculi filiformes, ad 
basim sparse glandulosi-pubescentes, fructifer 3-5 em. longus; 9 corolla 2 
mm. alta, 3 mm. lata, segmentis ovati-triangularibus, 1 mm. longis, intus 
elandulosi-punctatis ; sepala minuta, viridia; pedicelli fructiferi 5-10 mm. 
longi, aculeis basalibus 5-12 mm. longis, barbartis; fructus 2-3 em. longus, 
2—3 mm. diam., fusiformis; pericarpium tenuissimum, barbatum, aculie ea. 
3—6, acicularis, 5-12 mm. longis. 

Typus: Gentry 6600, ‘‘Las Mesas, Sierra Surotato, Sinaloa, Mexico, Sept. 
15, 1941,’’ in herb. Univ. Mich. Dupla in herb. Stanford Univ., Inst. Biol. 
Mex., N. Y. Bot. Gard., Harvard Univ., Mo. Bot. Gard., Gentry, Univ. Ariz. 


The fruits examined are nearly mature and are apparently indehiscent 
since the hypanthium, ovary, and ovule tissues are fused with the seed coat 
and a line of abseission is clearly apparent at the base of stalk joining the 
peduncle. Such a structure, together with the barbules of both the pericarp 
and the spinoid prickles, indicates that it is adapted to carriage and dis- 
semination by animals. 

In habit this plant greatly resembles the many small species of herbaceous 
cucurbit vines so numerous through the moist habitats of the tropies and 
subtropics. Unlike many of these, however, its appearance is singular because 
of the curiously shaped, gracefully hanging and delicately formed fruits. In 
Sicyos the fruits are flattened-ovoid, densely prickly, and borne in rather 
dense capitate clusters or corymbs, so that the two genera can readily be 
separated at sight. Anomalosicyos might more easily be confused with 
Echinocystis or Echinopepon on superficial examination, since these latter 
have echinate, dryish, hanging fruits, but they are larger and more densely 
prickled, to mention the most obvious differences. On the whole, the Cucurbi- 
taceae require microscopic floral examination for generic segregation, since 
distinct genera may have the same habit and might. be carelessly placed in 


a single species. 


Anomalosicyos barbatus forma lobatus Gentry, forma nov. Folia pro- 
funde 5-lobata, lobis ovati-lanceolata, aristatis. Typus: Gentry 6600-A, ‘‘ Las 
Mesas, Sierra Surotato, Sinaloa, Mexico, Sept. 15, 1941,’’ in herb. Univ. 
Mich. Dupla in herb. Gentry, Univ. Ariz., Mo. Bot. Gard., Harvard Univ., 
N. Y. Bot. Gard. 


This form differs from the typical form of the species only in the deeply 
lobed leaves and was collected in the same small canyon not 50 feet distant 
from the former. The fruits and the flowers show no taxonomically signifi- 
eant differences. The difference in leaf appears attributable to a segregating 
Mendelian factor. Many species in other genera of the cueurbits are known 
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Fig. 2. A, B, Anomalos cyos barbatus: female corolla and male corolla with dehisced 


anther cells, respectively ; 15. C, Anomalosicyos barbatus forma lobatus;: habit showing 


deeply lobed leaves: UL. 
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to vary considerably in the form and especially in the dissection of- their 
leaves. Cogniaux rather consistently detailed them as varieties, in accordance 
with the practice of his times. 

The allied South American species are as follows: 

Anomalosicyos fusiformis Gentry, comb. nov. Sicyos fusiformis Cogn. 
in Mart. Fl. Bras. fase. 78: 108. pl. 394. Described from collection taken near 
Rio de Janeiro, Brasil. 

Anomalosicyos Martii Gentry, comb. nov. -Sicyos Marti Cogn. in Mart. 
Fl. Bras. fase. 78: 109. Brazil; Prov. Minas Geraes and Rio de Janeiro. 

Anomalosicyos palmatilobus Gentry, comb. nov. Sicyos palmatilobus 
Cogn. in DC. Prodr. Phanerog. 3: 891. 1881. ‘‘Ad fluvium Daule prope 
Guayaquil.’’ 

Anomalosicyos quinquelobatus Gentry, comb. nov. NSicyos quinquelo- 
batus Cogn. in Mart. Fl. Bras., fase. 78: 109. ‘‘In sylvis Brasiliae prope 
Bananal prov. 8S. Paulo.’’ 

Anomalosicyos macrocarpus Gentry, comb. nov. Sicyos macrocarpus 
Cogn. in DC. Prodr. Phanerog. 3: 893. 1881. Mont. Chimborazo (Ecuador ?) ; 
Venezuela; ‘‘prope coloniam Tovar.”’ 

Anomalosicyos’ Andreanus Gentry, comb. nov. Sicyos Andreanus 
Cogn. Bul. Aead. Belg. LI. 49: 200. Ecuador; Mont. Chimborazo, 359 m. 
elev. (André 3996). 


DEPARTMENT OF BoTANY, UNIVERSITY OF MICHIGAN 
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NOMENCLATURAL NOTES AND A NEW SPECIES 
OF CUSCUTA ( 
Ci 
T. G. YUNCKER 
Cuscuta colombiana Yuncker, spec. nov. Caules tenuissimi, marces- a 
centes et ad postremum evanescentes ex inflorescentiis. Flores plus minusve it 
earnosi, circa 1.5 mm. longi ab floris basi ad corollae sinus, pediculis | 
° ° . ° ° e 
plerumque longioribus quam floribus. Inflorescentia paniculato-cymosa } 
formansque fasciculos. Calycis lobi ovato-lanceolati usque oblongi, acumi- . 
nati, plus minusve se diffundentes. Corollae campanulati, papillati ad basim, E 
lobi ovato-lanceolati, acuminati. Stamina paene tam longi quam corollae W 
lobi. Squamae usque ad stamina, oblongae aut spatulatae, fimbriatae. Styli f 
tenues, longiores quam ovarium globosum. Capsula depresso-globosa, ad 
. ° eye ( 
postremum circumscissilis. 
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Cc D 
Fie. 1. Cuscuta colombiana Yuncker. A, flower, x 12; B, opened corolla, x12; C. 
opened calyx, x 12; D, young capsule, x 12; E, scale, x 24. 


Specimens examined. CoLomBtA, Dept. Magdalena: Open grass-land at 
Alto de Minas, alt. about 300 m., on Euphorbia sp., October 10, 1944, Oscar 
Haught no. 4400 (type, in U. 8S. Nat. Herb.) ; on drying herbs, vines and 
under-shrubs, near Riohacha, alt. 30 m., Dec. 24, 1944, Oscar Haught ane. 
{4536 (U.S. National Herbarium). 

This species appears to belong in the subsection Umbellatae of section 
EKugrammiea and is mostly closely related to C. gracillima Engelmann and 
C. saccharata (Engelm.) Yuncker of Mexico and Central America. It is 
noteworthy because of the dense, globose clusters up to 3 or 4 em. in diame- 
ter, and the marked cup and saucer appearance of many of the flowers 
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caused by the spreading calyx lobes. No matured capsules were observed 
but the immature fruit gave evidence of eventually breaking away near the 
base in an irregular line of circumscission. 

It differs from C. saccharata because of its smoother flowers and from 
(’. gracillima because of its shorter stamens and styles and from both be- 
cause of the spreading calyx lobes. 


Recently Dr. T. H. Kearney raised the question relative to the proper 
authority for the name Cuscuta californica, which has been commonly ered- 
ited to Choisy who published it in the Mémoires de la Société de Physique 
et d’Histoire Naturelle de Genéve 9: 279, 1841-42. Hooker and Arnott used 
the same name for the same species on page 364 of their Botany of Captaim 
Beechey’s Voyage, dated 1841. Choisy’s paper carries the notation that it 
was communicated January 21, 1841, which would appear to be the reason 
for assuming that Choisy had priority. In checking to determine the exact 
dates of publication of these two papers, I am indebted to Dr. H. W. Rickett 
who states that Choisy’s paper very probably did not actually appear until 
1842 and also that the part of Beechey’s Vovage containing page 364 came 
out in 1838. This clearly indicates that Hooker and Arnott have priority 
as authors for the name of this common western species. 


In 1935 I published (Bull. Torrey Club 62: 512) a new variety of 
Cuscuta deltoidea Yuncker under the name serrulata. Later (ibid. 69: 542, 
1942), I deseribed and figured Cuscuta serruloba as a new species. At that 
time I did not recognize the relationship of this new species with my formerly 
described variety. More abundant material has recently come to hand, how- 
ever, which shows that they are the same. The evidence for specific rank is 
also strengthened, so this plant should now be known as Cuscuta serruloba 
Yuneker. 
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DALEA EMPHYSODES, AN INVALID NAME 
Ropert T. CLAUSEN 


Mr. F. J. Hermann has kindly brought to my attention the fact that 
Psoralea emphysodes Jacq., on which the combination Dalea emphysodes is 
based, is a later synonym of Psoralea carthaginensis Jacq. Enum. Syst. Pl. 
Carib. 27 (1762). Killip (Jour. Wash. Acad. Sei. 26: 359. 1936) indicated the 
essential synonymy of this species and published the combination Parosela 
carthaginensis. Unfortunately, I overlooked Killip’s publication, also Mae- 
bride’s paper (Field Mus. Pub. Bot. 13°: 375. 1943) in which he made the als 


. . . . r . . . h 
combination D. carthaginensis. The three subspecies which I recently desig- . 


nated under D. emphysodes should now be transferred to D. carthaginensis th 
(Jaeq.) Macbride, with the nomenclaturally typical subspecies, with the = 
lobes of the calyx straight, to include Psoralea emphysodes. th 
DALEA CARTHAGINENSIs subsp. typica R. T. Clausen, nom. nov., based on C) 
Psoralea carthaginensis Jacq. loc. cit. The synonymy is listed under D. (1 
emphysodes subsp. emphysodes (Jacquin) R. T. Clausen, Bull. Torrey Club an 
73: 85 (1946). D. trichocalyx Ulbrich possibly also should be included here. le} 
[ am purposely using the epithet typica in order to abide by recommendation re. 
18 under article 30 of the International Rules of Botanical Nomenclature, Wi 
which states that botanists should avoid giving a new epithet to any sub- 
division of a species which includes the type either of a higher subdivisional e 
name or of the specific name. They should either repeat that epithet, with or is] 
without a prefix, or use one of the customary epithets, typicus, genuinus, si 
originarius, ete. Since the use of the subspecific epithet emphysodes here ee 
would violate this recommendation because it is based on a type different ty 
from that of the specific epithet, also since the use of emphysodes would sa 
create ambiguity, thus violating article 4 of the Rules, the designation of the eh 
typical subspecies as typica seems justified. ec 
DALEA CARTHAGINENSIs subsp. domingensis (DC.) R. T. Clausen, comb. a} 
nov., based on Dalea domingensis DC. Prodr. 2: 246 (1825). The synonymy CO 
is listed under D. emphysodes subsp. domingensis (DC.) R. T. Clausen, loc. T 
eit, ni 
be 
DALEA CARTHAGINENSIs subsp. thyrsiflora (A. Gray) R. T. Clausen, comb. th 
nov., based on Dalea thyrsiflora A. Gray, Proc. Am. Acad. 5: 177 (1861). The 
synonymy is listed under D. emphysodes subsp. thyrsiflora (A. Gray) R. T. 
Clausen, loc. cit. pe 
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THE ROLE OF CERTAIN ENVIRONMENTAL FACTORS 
IN GROWTH AND REPRODUCTION OF PROTO- 
SIPHON BOTRYOIDES KLEBS—I. RACES, 
STRAINS AND CLONES' 


SIster MAriA LAURENCE Mauer, I.H.M.? 


Adjarof in 1905 noted that the lower organisms and especially the green 
algae lend themselves to the most varied experiments. They have attracted 
the attention of botanists either from the point of view of the conditions of 
their nutrition or the relations between nutrition and the modifications of 
internal and external morphology, and also because of the importance of 
the organisms in the development of the species-concept. 

Protosiphon Klebs is a genus of Chlorophyceae which is included in the 
Chlorococeales by West and Fritsch (1927), Printz (1927), Brunnthaler 
(1915) and Oltmanns (1922). Setchell and Gardner (1920), West (1916) 
and Bold (1933) prefer to include it among the Siphonales. Protosiphon 
lends itself to experimentation to an exeeptional degree because of the 
readiness with which it responds to changes in environment and the certainty 
with which a given form or stage can be evoked. 

Moewus (1933, 1935a, b) reached interesting conelusions regarding the 
effect of certain environmental factors on this as well as on some other organ- 
isms. Twenty-two of the experiments performed by him (1935b) on Proto- 
siphon were analyzed by Philip and Haldane (1939) who caleulated that 
‘if every member of the human race conducted a set of experiments of this 
type daily, they might reasonably hope for such a success once in fifty thou- 
sand million years.’’ They state that one alternative to the hypothesis of 
chance is the presence of a wholly new type of biological regulation that 
controls the frequency of segregation with extreme sharpness and that this 
applies to three segregations in two species. The other is that the author has 
consciously or unconsciously adjusted his observations to fit his theory. 
They suggest that the importance of the work for the theory of sex-determi- 
nation calls for a repetition of the work by an independent worker. Sonne- 
born (1941) says that the failure of Pringsheim and Ondraéek (1939) in 
their attempt to confirm certain points of the work of Moewus, their numer- 

1 This work will appear in three parts; a list of literature cited will be found in 
part ITI. 


2 The author is indebted to Dr. Harold C. Bold who directed this study. 
Publication of the illustrations was assisted by the Lucien M. Underwood Memorial 


Fund. 
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ous criticisms, the criticisms of Philip and Haldane (1939), internal incon- 


sistencies in the data listed by Moewus, and the great theoretical importance 


of the work make an independent repetition of it an urgent need. 

The present study is not an attempt te repeat completely the work of 
Moewus, but it is a step that should be helpful when such an attempt is made 
The objective was to study the effect on the growth and reproduction of 
Protosiphon of various environmental conditions with a view to determining, 
if possible, optimum cultural conditions. The influence of such factors as 
temperature, age of cultures, and the hydrogen-ion concentration of media 
on gamete formation have been considered, and some attention has been 
given to factors that induce conjugation. 


MATERIALS AND METHODS 


Origin of Races. The Protosiphon-race designated by B was kindly sup- 
plied by Dr. Harold C. Bold from the material used by him in his work 
on the life history and cytology of Protosiphon (1933). Moewus (1933) also 
employed this race in some of his experiments. 

Soil samples were obtained from Syracuse, N. Y.; Seranton, Pa.; Vir- 
ginia and Nebraska. Cultivated soil from the surface layer was taken at 
various times of the year. From such a sample, about 5 g. of soil were added 
to 40 ml. of sterile nutrient solution in a 50 ml. flask. The flasks were plugged 
with cotton stoppers and allowed to stand near a window or in artificial 
light until there was visible green color on the sides. With the aid of a 
binocular dissecting microscope with lenses giving a magnification of 60 
diameters, and very fine platinum needles, algae were removed to solid 
nutrient media. At first many species of algae were present but as soon as 
the characteristic thalli of Protosiphon appeared, they were separated from 
the other varieties by means of platinum needles, so that unialgal cultures 
were secured. Transfers were repeated until bacteria and other fungi were 
eliminated. A quicker method is to tease out coenocysts from sacs with fine 
dissecting needles (Schramm 1914). The coenocysts are then washed with 
agar of 1 per cent concentration and transferred to fresh agar. It was found 
that coenocysts could be washed and transferred with platinum needles more 
readily from agar than from water. Absolutely pure cultures were used in 
the experiments. The purity was tested by microscopic examination and by 
crowing the cultures from time to time on media containing glucose or inulin. 


Isolation of Clones. The progeny of a single plant (cell or sac) (fig. 
12) is called a strain. A sac from a strain culture was placed in a drop of 
distilled water on the surface of nutrient agar in a Petri dish. The dishes 
were subjected to a temperature a few degrees above that of the room until 
the contents had formed motile swarmers which had not yet escaped. This 
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requires about four to six hours depending on the temperature and. the 
condition of the plants. Such a sae is then picked up with a platinum needle 
and drawn over the surface of agar in a Petri dish; as a result of such 
manipulation the sac is ruptured and the gametes are spread out on the 
surface and are unable to conjugate. A thin laver of agar was used so that 
with the aid of a microscope the position of some gametes could be marked 
and their development kept under observation. Unfused gametes begin 
development more quickly than zygotes and, with 0.125 per cent glucose 
added to the nutrient agar, they were large enough in four or five days to be 
transferred easily to individual plates of nutrient agar. Bold (1933) has 
demonstrated that the potential gametes (swarmers) each contain one 
nucleus. The culture that develops from a single unfused gamete is called 
a clone or clonal culture. 

In this study absolutely pure clonal cultures have been used exclusively. 
For convenience in referring to them, they have been assigned a letter to 
designate the source. Moewus (1935b) applied the term race to the plants 
obtained from a given locality and it is used in the same way in this paper. 
The figure preceding the letter is the number of the strain and the figure 
following the letter is the number of the clone from that strain. For example. 
7B2 refers to the second clone taken from strain 7 of the Bold race. The 
Marywood race designated by M was taken from soil collected in Seranton, 
Pennsylvania. Cultures taken from soil samples collected in Syracuse, New 
York, are marked S. N and V refer to cultures from Nebraska and Virginia. 


Optimum Cultural Conditions and Media. Pyrex glassware was used 
exclusively. Petri dishes, flasks, and test tubes were first washed with sulfuric 


acid-potassium dichromate mixture. Bacteriological technique was employed. 


Optimum development of the saes in all the strains was secured at a tem- 
perature of 19° C or below. Higher temperatures particularly when com- 
bined with excessive moisture evoke continuous formation of gametes, and 
a corresponding lack of large, well developed saes. It was found necessary 
to keep the cultures in a cool place with a light source similar to that de- 
scribed by Bold (1936). 

Uniformly good results were secured when Protosiphon was cultured in 
Bristol’s solution (1919) modified by substituting dipotassium phosphate 
for some of the monopotassium phosphate in the original formula. This gives 
a solution that has a lower hydrogen-ion concentration than one prepared 
according to the original formula. The formula employed is as follows: 


K.HPO, 0.3 gram NaCl 


0.1 gram 
KH,PO, 0.7 gram CaCl, 


0.1 gram 
NaNO, 10 gram _ Distilled water 1000.0 ml. 
MgSO, : 0.3 gram 


One drop of 1.0 per cent FeCl, solution was added to each liter of the 
medium, and 2 ml. of minor elements solution (Craig & Trelease 1937), as 
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well as 1 ml. of molybdie acid solution (30 mg. of 85° molybdie acid in 1000 
ml. of distilled water). Three volumes of water were added to one volume 
of this medium so that the concentration used is 0.06 per cent by weight- 
volume. The water was redistilled through a Pyrex glass condenser. 

Whenever not otherwise stated, two series, one in solid media and the 
other in liquid media were set up for each experiment. Six Erlenmeyer flasks 
of 50 ml. capacity and each containing 40 ml. of solution were used for the 
experiments with liquid media. In later experiments, because it was found 
more convenient for centrifuging, 35 ml. of liquid media were used. Six 
slants containing the same solution as the flasks, solidified with 1.5 per cent 
agar were used as a parallel series. 

Plants for inoculation were taken from cultures grown for two weeks 
on modified Bristol’s solution described above and solidified with 1 per cent 
agar. One loopful of the plants was streaked on each slant and one loopful 
was added to each flask. 

Growth on agar was estimated by gross appearance and by measuring 
one hundred sacs with an ocular micrometer. Color changes from green to 
red indicate that the plants have stopped growing and are forming coeno- 
eysts. 

Observations were also made as to the size and appearance of sacs grow- 
ing in liquid cultures. An arbitrary set of color standards was set up and 
the color intensity recorded as 1, 2, 5, etc. The total quantity of growth in 
liquid was determined by centrifuging and measuring with the aid of gradu- 
ated tubes (hematocrit method). 


REVIEW OF LITERATURE 


Klebs (1896) and Moewus (1933, 1935b) among others have published 


extensive accounts dealing with the influence of the environment on repro- 


duetion and on sexuality in Protosiphon. Their observations, in so far as 
they bear on the present study, have been summarized in tabular form 
(tables 1, 2). Their disagreement on such points as the influence of concen- 
tration of the medium and temperature on gamete formation and fusion is 
apparent from a comparison of tables 1 and 2. 

Oltmanns (1922) stated that gametes can be formed in about three hours 
at 20°-26° C, but that they do not copulate if the temperature is increased 
to 26° or 27° C. He reports that coenocysts are formed by such causes as 
drying of the substratum, intensive sunlight and increasing temperature. 

Moewus (1933) reported a series of experiments with residual gametes 
of Protosinphon botryoides. The presence of zygotes on slides to which single 
sacs had been transferred indicated that the organism is monoecious. A num- 
ber of plants were placed singly in each of ten Boveri dishés. Zygotes were 
formed and remained on the bottom of all the dishes and unfused gametes 
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gathered on the lighted side. These continued to be motile for 15 hours. Dur- 
ing this time unfused gametes from the dishes were combined in all possible 
ways. The residual gametes from seven dishes were found to be of one sex 
and those from the other dishes belonged to the other sex. Fusion occurred 
when gametes of unlike sexes were combined. Moewus interpreted this as 
indicative of physiological differentiation in an alga with phenotypic sex 


determination. 


TABLE 1. Effect of environmental factors on the growth and reproduction of Proto- 
siphon botryoides as reported by Klebs 


Factor 


Concentration 
of nutrient 
solution 


Light 


Vegetative growth 
and formation of 
coenocysts 


In dilute solution cells 
were globular or club- 
like in form. Best de 
velopment in 1.0% nu- 


trient solution. 


In weak light, cells re- 
mained small and there 
was no separation of 
lobes and branches by | 
septa. Bright sunlight 
hastened the formation 


(1596). 


Effects on 
Gamete forma- 
tion 


Transferring cells to 
water or to fresh nu- 
trient solution of 0.4% 
or even 1.0% caused 
swarmer formation. In 
creasing the concentra 
tion slowed the process. 
Adding 1.0% to 2.0% 
sucrose accelerated it. 


Dim light or darkness 
induced swarmer for 
mation in growing cells. 
Light hastened the for 
mation of swarmers 
from coenocysts. 


Conjugation of 
gametes 

Took place readily in 
water, was retarded when 
concentration was in- 
creased. Very slow in 
1.0% inorganic solution. 
1.0% sucrose or of many 
other sugars accelerated 
copulation. 


Conjugation was re- 
tarded by darkness. 


of coenocysts and was 
requisite for their for- 
mation if the cells were 
in pure water. 


Increase of tempera-| Time required de-| Temperatures of 26°- 
ture promoted forma- | creased gradually from | 27° C rob swarmers of 
tion of coenocysts when | 24-48 hours at 4°-6° C | ability to tonjugate. 
| food supply was suf-| to 24-3 hours as the | Swarmers formed at 0°- 
ficient. temperature increased | 1° C conjugated but those 
to 23°-26° C. At low! brought from the warm 
temperatures the pro-| ing oven to lower tem- 
cess continued for peratures did not. 
many days. 


Temperature 


Later (1935b), Moewus worked with eleven races of Protosiphon that 
were obtained from different localities. Some of these were monoecious and 
others dioecious. In some cases he reported that sex determination was geno- 
typie and in others phenotypic. He states that the B (Bold) race is dioecious 
and that the gametes of a single clone never fuse. When germinating zygotes 
with eight nuclei were transferred to agar and allowed to form zoospores, 
four of the clones obtained from such a zygote were negative and four were 
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positive. He reports that reduction takes place when the zygote germinates 
and with it sexual segregation in a ratio of 1:1. He used the + and — gametes 
of the B race to test the sexuality of the other races studied. He states, in 
ua footnote, that it was not determined by Bold (1933) that this same race B 


TABLE 2. Effects of environmental factors on the growth and reproduction of Proto 
siphon botryoides (from Moewus 1933, 1935b 





Effects on 


Factor Vegetative growth 
and formation of 


coenocysts 


Gamete forma Conjugation of 
tion gametes 










Concentration | Largest sacs were pro- | Gametes were produced |Copulation in all solu 








of solution duced in 0.5% Kolk-| in tap water, distilled | tions in which gametes 
witz’ solution with water, 1.0% Kolkwitz’| were produced and in 
0.7% agar. On 14% solution and 1.0% Sor- | solutions with concentra 
agar the cells remained | bit solution. tions twenty times 
small and tended. to higher. 


produce coenocysts. 
Lack of food and lack 
of water induced for 
mation of coenocysts. 












Light Cultures grew equally No effect. Gametes No effect. Gametes copu 
well in artificial light | formed in four or five | lated in darkness as in 
or in natural light hours in light or in| light if other conditions 





from a window. darkness. were satisfied. 











Temperature 





Temperatures over No effeet on time re-| All swarmers could copu 

30° C accelerated for- | quired for gamete for- | late between 2° C and 28 

mation of coenocysts. mation. Between 7° C/}C (1933). At tempera 
and 28° C gametes were | tures higher than 18°- 
always produced im) 19° C an inerease in the 

four to five hours after | number of + residual 

plants were transferred gametes | 1935a). 

to liquid. 




























Good growth between | In acid media more +/ Following culture and 

pH 4.5 and pH 9.5. than — gametes were | gamete formation at pH 
produced. In alkaline | 4.5, there was little con- 
media, more — gametes | jugation and most of the 










were produced. With | residual gametes were 
culture and gamete for-| At pH 7.0, there was 
mation at pH 7, and a/ much conjugation and the 
temperature of 18° to | temperature determined 
19° C equal numbers of | whether the residual 
and — gametes were | gametes would be + or - 
produced. selow 18° C, — gametes 
were more numerous, 
above 18° C, + gametes 
were more numerous. 










was genotypically dioecious, and suggests that a mutation may have taken 
place. He reports that the material was in bad condition after shipment and 







states that many races of Protosiphon easily undergo mutation of sex. 
The basic problem of sexuality according to Sonneborn (1941) is whether 
the copulating or conjugating cells regularly differ from one another. Fritsch 


194) 
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(1935) states that fusion between the gametes of the same parent individual 
is rare. If this be true, then the majority of isogamous algae are dioecious. 
If the copulating gametes are not diverse physiologically, then any two 
gametes can copulate with one another, but if they are regularly diverse, 
there must be at least two kinds of gametes with copulation between gametes 
of different types. 

Pringsheim and Ondraéek (1939) attempted an experiment with residual 
gametes of Protosiphon. They used plants that were from three days to two 
months old. Plants were transferred to a number of different solutions and 
the dishes placed in window light, in artificial light, in darkness and then in 
light. The results were always the same. In the first hours there were few 
vametes. Gradually they became more numerous and copulation began while 
additional gametes were being formed. On the following morning, in all the 
dishes, there were gametes in group formation and zygotes. The whole 
proeess was long and continuous and there were no residual gametes. From 
the same dishes gametes were transferred on the following day to distilled 
water in each of ten dishes. Gametes collected on the lighted side of the 
(dishes and after from six to seven hours, there was strong copulation. After 
a few more hours, there were only a few swarmers and no residual gametes. 
Pringsheim and Ondraéek suggest that residual gametes are left over only 
when the conditions for copulation are unsuitable. They were unable to con 
firm Moewus’ (1935) results. 


OBSERVATIONS 


Character of the Races. Asa preliminary to the study of the influence 


of individual environmental factors, a comparative study of the various 


races was undertaken. The observations are summarized in tables 3, 4, and 5. 

The B Race. The general features of the structure and reproduction 
of Protosiphon botryoides have been made known through the studies of 
Cienkowski (1855), Rostafinski and Woronin (1877), and Klebs (1896). 
The life history and cytology were worked out by Bold (1933). 

Protosiphon botryoides Klebs is found associated with Botrydium on 
damp soil. Under suitable conditions, the aerial portion of a single plant may 
extend 0.5 mm. above the surface of the substratum with the unbranched 
rhizoid penetrating the soil to a depth of 1 mm. The aerial portion may be 
branched, but the subterranean rhizoid is unbranched, in contrast with that 
of Botrydium. 

The centra! part of the thallus is oceupied by a large central vacuole or 
a series of vacuoles. These are surrounded by a layer of protoplasm that 
becomes very thin in the colorless rhizoidal part. The plant is uninucleate 
only during reproduction. It beeomes multinucleate very early in its develop- 
ment and the nuclei are distributed between the plasma membrane and the 
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tonoplast. Pyrenoids are present both in the peripheral and the deeper pro- 
toplasm. The protoplasm of young thalli and voung coenocysts is character- 
istically vacuolate. 

Reproduction is accomplished by separation of lobes and branches from 
young parent plants, by septa, and by formation of gametes from thalli and 
from coenocysts. The gametes can grow directly into new plants or they may 
fuse in pairs to form thick-walled zygospores. The zygospores may develop 
after a period of dormancy into new thalli. Gametes that are not liberated 
from the parent plant develop walls within it and by their growth into thalli 
eventually rupture the mother thallus wall. 

Under conditions of drought and bright sunlight, the thallus protoplast 
segments into multinucleate coenocysts. These, after a period of time that 
depends upon the eultural conditions, develop a red pigment. With moderate 
moisture, the cysts can develop directly into thalli; if submerged in water 
they will form gametes. 

It has been pointed out by Bold (1933) that it is difficult to induce 
gamete-formation in very young plants, but that those grown on agar for 
12—15 days invariably produce them when the thalli are submerged in water. 
The protoplast becomes less vacuolate and more densely green and granular. 
The protoplast shrinks and the pyrenoids are obscured; the contour of the 
surface appears lobed and folded and the protoplast is divided into small 
segments by progressive cleavage. During these changes there is no nuclear 
division, but preceding the final division of the protoplast, one or two nuclear 
divisions take place. After this final bipartition, the segments withdraw from 
each other, increase slightly in size and develop into gametes. Two equal 
flagella develop from a deeply staining granule, the blepharoplast, that 
appears between the plasma membrane and the nucleus. The pyrenoid may 
disappear during gametogenesis and be formed de novo after the gamete 
comes to rest. 

When first liberated, the gametes may be globose, but they soon become 
spindle-shaped. A few attain the length of 11 but the majority are between 
3 and 6 in length. Both ends are colorless and pointed. Newly formed 
gametes often have what appear to be pieces of protoplasm attached to the 
posterior end (figs. 1-3); these are gradually lost during motility. Some 
have a hyaline droplet at the posterior end (fig. 4). A pyrenoid may or may 
or may not be present, but all the gametes possesses a red eyespot. The two 
flagella are about as long as the body. Gametes tend to collect near the edge 
of a drop and to become angular by mutual contact (fig. 14). They collect 
in a similar way on solid media and the pole not in contact with the sub- 
stratum enlarges in a direction perpendicular to the surface of the medium. 

As the gametes swim about, many become attached to one another by the 
flagella and begin to fuse in pairs. The completely fused gametes may con- 
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tinue motile for some time and during this period they exhibit the same 
phototactic and aerotactic responses as the unfused gametes with which they 
intermingle at the edge of the drop. Stigmata and contractile vacuoles are 
present in double numbers when the zygotes come to rest, but they even- 
tually disappear. The zygotes form a thick wall and become star-shaped 


zygospores. When the zygospores are transferred from an old culture to 


[wy 
( 
4 


Fa 


l2 i8 23 
TIME IN DAYS 


Figs. 1-3. Diagrams of zoospores of Protosiphon with bits of protoplasm attached to 
the posterior end. Fig. 4. Diagram of a zoospore with a hyaline droplet at the posterior 
end. Fic. 5. Graph to show cell size and growth of sacs from clones of different races of 
Protosiphon grown on 0.06 per cent Bristol’s solution solidified with 1.5 per cent agar. 


Length of sacs from clone: 


8B2 without inulin 8B? with inulin 
5M3 sd Sis ** "9 
2N6 ? ’ 2N6 

6S3 ad 683 


2V7 . A> 2V7 


fresh media, their contents swell and the thickening of the wall becomes 
less apparent as the cells increase in size. After the outline becomes more 
reeular, growth is greater along one axis; the zygospore becomes sac-shaped 
and develops into a typical thallus. 

Coenocysts arise by the centripetal growth of furrows that originate at 
the plasma membrane, and progress through the cytoplasm. Zoospore forma- 
tion in either red or green coenocysts is assentially the same as for the thalli. 
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These observations made by Bold (1933) were confirmed in the present 
investigation of the same race. 
















Other Races. N.S and V 


races were set up under identical conditions for comparative study. The 


Two series of clonal cultures from the B, WV, 


medium was modified Bristol’s solution. Six flasks each with 35 ml. of liquid 
and six slants with the same medium solidified with 1.5 per cent agar were 
used for each clone. The same medium in both solid and liquid form, but with 
the addition of 0.5 per cent inulin, was used for the second series. 

Data for the cultures grown on solid medium are summarized in table 3 
and figure 5. Table 4 summarizes data for cultures grown in liquid media. 


TABLE 3. Cell size in clones from different races of Protosiphon grown at a tempera 
ture of 17° C, on 0.06 per cent Bristol’s solution solidified with 1.5 per cent agar. 













A. Without 


inulin 


Mean length of 100 sacs after 







Clone 


6 days 12 days 





18 days 23 days 

















8 B2 0.12 mm. 0.3 mm, 0.5 mm. | 0.62 mm. 
5M3 0.08 mm. 0.13 mm. 0.13 mm. 0.14 mm. 
2N6 0.05 mm. 0.08 mm, 0.13 mm. 0.13 mm. 
683 0.08 mm. 0.24 mm. 0.25 mm. 0.37 mm. 
2V7 0.10 mm. | 0.38 mm. 0.40 mm. 0.40 mm. 








| 








With 0.5 per cent inulin 










8 B2 | 0.12 mm. | 0.35 mm. | 0.72 mm. 0.72 mm. 
5M3 0.09 mm. 0.15 mm. 0.15 mm. 0.15 mm, 
2N6 | 0.08 mm. 0.17 mm. 0.22 mm. 0.22 mm. 
wn | om on ia 

683 0.11 mm. 0.35 mm. 0.35 mm. 0.35 mm. 
2V7 .21 mm. 0.28 mm. 0.31 mm. 0.37 mm. 

















The saes from clone 8B2 were longer than 





those from any of the other 
clones. Sacs with a length of 0.72 mm. measured from 0.05 to 0.07 mm. at 
the widest part thus being from ten to fourteen times as long as their greatest 
diameter. From one-fourth to one-sixth of the length of the sacs contained 
chlorophyll and the remainder consisted of clear rhizoidal portion (fig. 6). 
Practically all of the sacs of clone 8B2 as well as those of all the other clones 
that were grown on inorganic medium contained coenocysts after 23 days, 
while many in the solutions with inulin were still in vegetative condition. 
Sacs from clone 5M3 (fig. 7) are always much shorter than those from 
the B race. The mean length of sacs from clone 5M3 was less than one-fourth 
the mean length of those in 8B2. Some cells did not elongate but remained 
spherical. When the plants are grown at a temperature above 19° C, spher- 
ical cells are more numerous than they are at lower temperatures. Results 


with regard to comparative size of sacs were similar regardless of the medium 










Br 


TABLE 4. Growth of clones from different races of Protosiphon in 0.06 per cent 


Bristol’s solution (liquid form) at a temperature of 17 


Ca 


A. As determined by volume of centrifugate 


Medium 


0.06% B. 
0.06% B. 

inulin 
06% B. 
06% B. 

inulin 
06% B. 
06% B. 

inulin 
06% B. 
06% B. 

inulin 
B. 
06% B. 


inulin 


oF 
00% 


Medium 


0.06% B. 


06% B. 
+ inulin 
06% B. 
06% B. 
inulin 


.06% B. 


.06% B. 


inulin 


06% B. 


* oF 
UO% 


B. 


inulin 


06% B. 


.06% B. 
inulin 


pH 


pH 
Volume centri 
fuged from 
one flask 


Color 


At begin- : . 
“e intensity 


ning of ex 
periment 


end 
0.04 ce. 
0.05 ee. 


0.03 ee. 
0.03 ee. 


0.03 ee. 
0.03 ee. 


0.03 ee. 
0.03 ee. 





0.01— ee. 


0.02 ce. 





B. As determined microscopically 


| 
| 
| 
| 
! 


Observations 


The sacs were nearly all in vegetative condition. Many 
cells were spherical and many were thin sacs 0.75 mm. 
long. Gametes were present, also a few zygotes. 
Vegetative sacs were 0.6 mm, long. Gametes were pres- 
ent but no zygotes were observed. 


Most cells were spherical. Gametes and a few zygotes 
with four to six points were observed. 

As in the eulture without inulin, cells were spherical, 
but there were fewer zygotes. 


Many single coenocysts were present. Zygotes were not 
numerous. Most of them had four or five points. 

Most of the cells were small and contained single 
coenocysts. Zygotes were less numerous than in inorganic 
medium. 


Most of the cells were small and contained single 
coenocysts. A few sacs were 0.25 mm. long, a very few 
zygotes were present. 

Saes 0.35 mm. long in vegetative condition fairly nu 
merous. Some spherical cells in vegetative condition and 
with a diameter of 0.1 mm. Some zygotes with four, five 
and more points. 


Masses of zygotes with four, five or more points. There 
were few vegetative cells and this seems to account for 
the relatively small amount of centrifuged material. 
Zygotes extremely numerous, with four, five and eight 
points and a diameter of 5 to 10 microns (fig. 17). 
One sac filled with zygotes was found in this culture 
(fig. 16 


at the beginning of this experiment was determined colorimetrically, the deter- 


mination at the end was made by use of a glass electrode. 
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Photomicrographs of Protosiphon, taken with a Leitz ‘‘Macca’’ camera. Figs. 6-8 
and 10-13 x 100, Fig. 9 x 50. Figs. 14, 15, 17 x 675. Fig. 16 x 440. The thalli were grown 
on 0.06 per cent Bristol’s solution at a temperature of 16°-19° C. Fie. 6, Saes from 
clone 8B1 grown for two weeks on medium solidified with 1 per cent agar. Fic. 7. Saes 
0.13 mm. long from clone 5M3, grown 18 days on medium with 1.5 per cent agar. Fie. 
8. Sacs from clone 5M3 with coenocysts (from the same culture as sacs shown in figure 7 
after 23 days. Fic. 9. Sacs 0.55-0.60 mm. long from 2N6 grown four weeks with 0.25 
per cent glucose and 1 per cent agar. Fic. 10. Sacs from clone 683 grown for 12 days 
on medium solidified with 1.5 per cent agar. Fic. 11. Saes from the same culture (6583) 
as those shown in figure 10 after 18 days growth. Fie. 12. Saes from 27 grown for 18 
days on medium solidified with 1.5 per cent agar. The sac in the center of the figure is 
0.31 mm. long and 0.16 mm. in diameter. FG. 13. Sae with buds from 2)V7 after 21 days. 
Fie. 14. Living swarmers from clone 5M3 produced when plants were immersed in 0.06 
per cent Bristol’s solution. Note the prominent eyespot. Fig. 15. Swarmers from 2N6 
stained with iodine. Note the darkly staining inclusions. Fic. 16. A sae with zygotes 
from a culture of 2/7 growing 31 days in 0.06 per cent Bristol’s solution (liquid). Fic. 


17. Zygotes of various shapes and sizes centrifuged from the same culture of 2V7 as the 
sac shown in figure 16. 
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used. Sacs from 7B2 were more than six times as long as those from 5M3 
after cultures from both clones had grown for 25 days on 0.06 per cent 
Pringsheim’s solution solidified with 1 per cent agar. The addition of inulin 
did not make a significant difference in the length of sacs from 5M3 as it 
did in the ease of 6B2 (table 3). In mature saes of 5M3, coenocysts 40 y in 
diameter occupied most of the cell lumen (fig. 8). 

Cultures of 2N6, on morganiec medium, resembled those of 5M3. After 
six days most of the cells were spherical. Single coenocysts or saes contain- 
ing one or two coenocysts were numerous after 12 days. After 18 days, most 
of the sacs contained coenocysts measuring from 25 to 28 y in diameter. 
With 0.5 per cent inulin, sacs from clone 26 were nearly twice as long after 
18 days as they were in inorganic medium. The effect of the addition of car- 
bohydrate to medium used for the growth of this clone was marked in a 
culture that was grown for four weeks on 0.06 per cent Bristol’s solution 
with 0.25 per cent glucose solidified with 1 per cent agar (fig. 9). The mean 
length of 100 saes in the culture with glucose was 0.42 mm. Approximately 
half the length of the larger sacs was chlorophyll-bearing. The greatest 
diameter was from one-third to two-thirds of the length. Many spheres 0.12 
mm. in diameter and some larger ones up to 0.3 mm. in diameter were pres- 
ent. 

Clone 683 produced broad saes (fig. 10) that did not grow as long as 
those from clone 8B2. Those in inulin had already reached their greatest 


elongation after 12 davs. Those in inorganic medium grew more slowly but 


the mean length after 23 days was slightly greater than for those with inulin. 
After 18 days, most of the saes in both series of cultures contained coenocysts. 
Most of the coenoeysts had a diameter of 30 y (fig. 11). 

Saes of clone 2V7 had a diameter that was from one-fifth to one-half 
their length (fig. 12). The distinguishing characteristic of this culture is the 
peculiar budding from the top and sides of the cells that became very notice- 
able after the plants were growing three weeks. This appearance has been 
observed in other cultures of this race but it has not been seen in cultures 
from other races. The buds (fig. 13) did not separate completely from the 
mother cell, but each one formed a group of coenocysts that was not in con- 
tact with the groups formed in other buds of the same plant or with the 
group in the mother plant. Coencysts in this culture varied in diameter from 
20 to 40 Ul. 

The various races exhibit differences in the readiness with which they 
form gametes and in the structure of the gametes (table 5). A number of 
attempts to induce gamete formation by the M race showed that very few 
gametes were produced when the plants were immersed in liquid and kept 
at room temperature. Plants seventeen days old were immersed in 0.06 per 
cent Bristol’s solution and kept under observation for three days without 
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any evidence of gamete formation. Plants from the Bb race immersed in the 
same liquid and kept under the same conditions produced many gametes; 
some gametes could always be obtained when plants in suitable condition 
were immersed in liquid and exposed to a temperature of 25°-29° C for 
4—6 hours. Under any conditions, however, gametes were never produced as 
rapidly from plants of the WV race as from those of the B race. 

Gametes illustrated in figure 14 were obtained when plants of clone 5M3 
were submerged in 0.06 per cent Bristol’s solution with the addition of 1 
per cent sucrose. Six hours later many gametes were already conjugating. 
The prominent eyespot that distinguishes gametes of this race can be seen 


TABLE 5. Summary of data concerning gametes from different clones of Protosiphon 
botryoides 


Time re 
quired for 


Presence | Presence 
ys te pr 
gamete pro 


ength of 


(‘lone »f if . Z y » 
lon gametes Pw a . . : id duction Zy gote 
stigma | pyrenoi@ | under same 
conditions 
8 B2 64-l5 uw ,— 4—6 hrs. Produced readily. Zygotes with 
5-6 points. 
5M3 i-l7 wu $—6 hrs. Gametes proauced slowly and 
(Very zygotes less numerous than in 
promi clones from race B. Zygotes 
nent with 4—6 points. 
2 Na 12-13 u - 4—6 hrs. Produced fairly readily with 4- 
5 or more points. 
16 3-15 u — 4—6 hrs. Produced more readily than in 


any other race. 4-8 points. 


.- Present in some but not in others. 


in the figure. The gametes varied in length from 7 to 17 yp; individuals that 
measured 15 y in length appeared to be most numerous. No relation between 
size and ability to copulate could be seen. Individuals of the same size and 
pairs of gametes differing greatly in length could be seen in all stages of 
copulation. No pyrenoids were observed when gametes of the WM race either 
from organic or inorganic medium were stained with iodine. 

(gametes were numerous five hours after plants from clone 2N6 29 days 
old were transferred either to water or to 0.06 per cent Bristol’s solution 
in depression slides. They were more numerous in depression slides kept at 
29° C for one and one-half hours than they were in slides kept at 22.5° C. 
A number of deeply staining inclusions appeared when these cells were 
stained with iodine (fig. 15). Some gametes from clone 1N1 that were pro- 
duced when plants were submerged in 0.06 per cent Bristol’s solution showed 
a pyrenoid when the cells were stained with iodine and others did not. 
Gametes were produced five hours after plants from clone 683 were trans- 





19 


fe 
m 





1946] MAHER: PROTOSIPHON BOTRYOIDES 587 


ferred to water in depression slides at a temperature of 22° C. They were 
much more numerous when the slides were kept at 29° C for one and one- 
half hours at 27° C for four hours. Zygotes were more numerous around the 
edges of the slides that were subjected to heat than they were in slides that 
were kept at a lower temperature. The length of the gametes varied from 7 
to 13. Staining with iodine revealed the presence of a pyrenoid in some 
cells but not in others. 

Gametes were produced very readily when plants from clone 1V6 were 
transferred to 0.06 per cent Bristol’s solution and kept at 22° C. Gametes 
15 » in length were numerous, but some measured only 5 y. Masses of zygotes 
were present on these slides after 24 hours. 


These data indicate that various races of Protosiphon occur in nature 


which differ from each other in morphological and physiological details when 
cultivated under uniform environmental conditions. 
BIOLOGICAL LABORATORY, FORDHAM UNIVERSITY 
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Tinian Plants Collected by R.S. Cowan. Pacific Plant Studies No. 5.' 
While serving in the armed forees of the United States, Richard Sumner Cowan was 
able to collect a few plants on Tinian, Mariannas Islands, even though enemy snipers 
were still active. These specimens are now deposited in the Bishop Museum, Hono- 
lulu. The following are noteworthy additions to the flora of Micronesia. 


POLY PODIACEAE 


CYCLOPHORUS LANCEOLATUS (L.) Alst. (C. adnascens Desv.), epiphytie on trees, 
Mareh 28, 1945. New to Tinian. 
EUPHORBIACEAE 


JATROPHA GOSSYPIFOLIA L., shrubby, dry cliff, April 10, 1945. New to Micronesia. 
This species was introduced from South America and was evidently cultivated or an 
escape from cultivation. It also now occurs in the Philippines and the Marquesas. 


VERBEN ACEAE 


CALLICARPA CANA L., dry beach, April 3, 1945. New to Tinian.—Haro.p Sr. Jony. 


New and Interesting Plant Records. The European masterwort, Impera- 
toria ostruthium L., is recorded in current manuals as being established in New York, 
Pennsylvania, Michigan, and Newfoundland. On June 9, 1946, a large stand of this 
plant, about half an acre in extent, was found in fields at Scotch Plains, Union 
County, New Jersey, H. N. Moldenke 18288. 

The large yellow-flowered European vetch, Vicia grandiflora var. sordida Griseb., 
has been found by Harry Ahles in an orehard and along margins of woods, com 
pletely naturalized, at Bedford, Westchester County, New York. The determination 
has been checked by Dr. P. L. Ricker. 

The same collector has recently found Persicaria tomentosa (Schrank) Bicknell, 
a species with the lower leaf-surfaces densely pubescent, in ashes along a railroad 
track at Pelham Bay Park, Bronx County, New York, June 7, 1946, H. Ahles 381. 

In Torrey 41: 192-198 (1941) I reviewed the history and oceurrence of Persi- 
caria longiseta (De Bruyn) Moldenke in America from the date of its introduction 
in 1910 to 1941. Since the writing of that paper this species has been found in several 
additional localities: Oetober 14, 1941—in waste ground, forming large colonies, very 
showy, New York Botanical Garden, Bronx Park, Bronx County, New York, H. N. 
Moldenke 11892; September 8, 1942—abundant in waste lots, Englewood, Bergen 

1 This is the fifth of a series of papers designed to present descriptions, revisions, or 
records of Pacific island plants. The preceding papers were published as Occ. Pap. Bishop 
Mus. 17(7), 1942; 17(13), 1943; 18(5), 1945; Am. Fern Jour. 35: 87-89. 1945. 
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County, New Jersey, H. N. Moldenke 13887; October 20, 1944—along the Bronx 
River Parkway near 229th Street, Bronx, Bronx County, New York, collected by 
Alma L. Moldenke, H. N. Moldenke 17063; September 3, 1945—in waste ground. 
Watchung, Somerset County, New Jersey, H. N. Moldenke 17996 ; October 20, 1945— 
weed in gardens, Arden, New Castle County, Delaware, collected by Morris Berd, 
H. N. Moldenke 18232; and June 9, 1946—weed in cultivated ground, North Bergen, 
Hudson County, New Jersey, H. N. Moldenke 18287. 

Mazus reptans N. E. Br. was found as a weed in lawns near Arden, New Castle 
County, Delaware, June 1, 1946, H. N. Moldenke 18269, det. by F. W. Pennell. 

Veronica persica Poir. has been found as a very common weed in lawns and eulti- 
vated ground at North Warren and Sheffield, Warren County, Pennsylwania, H. N. 
Moldenke 17190, 17191, 17359 ({efr. Am. Midl. Nat. 35: 376. 1946]. On June 1, 1946, 
it was again found, this time in lawns at Arden, New Castle County, Delaware, H. N. 
Moldenke 18270, det. F. W. Pennell. 

Hartmannia speciosa (Nutt.) Small has been found oceasionally as a waif in the 
eastern states in recent years. On June 15, 1946, it was found by Morris Berd at 
Arden, New Castle County, Delaware, growing as a weed in a garden, forming a 
small colony and apparently spreading (H. N. Moldenke 18299). 

Akebia quinata Deeaisne was found in a thicket along a roadside near Cornwall, 
Orange County, New York, on May 6, 1946 (H. N. Moldenke 18235). The vines 
formed a very dense growth, completely covering the ground, smothering out all 
herbaceous vegetation, and covering all the shrubs and trees to a height of about 15 
feet. 

Rhaphanistrum inocuum var. album Corbiére was collected by H. Ahles on June 
17, 1945, along the saltwater inlet near Bridge Road, Pelham Bay Park, Bronx 
County, New York (H. N. Moldenke 18295). Its pure white flowers rendered it quite 
conspicuous among plants of the normal form. The collector states that both forms 
were observed in several other near-by localities, the white form sometimes quite 
abundant. 

Centaurea nigra var. radiata P. DC. In the current edition of Gray’s “Manual” 
(1908), page 861, this variety is recorded from “N. S. to Ont. and Pa.” On July 10, 
1946, I found it growing along a waste roadside by a vacant lot in the northern part 
of the Bronx, Bronx County, New York (H. N. Moldenke 18353)—Harowip N. 
MOLDENKE. 


Another Station for Lactuca stolonifera. In Rhodora 44: 18. 1942, Mr. E. 
J. Alexander reported the occurrence of the northeastern Asiatic Lactuca stolonifera 
(A. Gray) Maxim. as a weed in lawns at Flushing, Queens Co., New York, collected 
by Mrs. Ralph Stoddard. As a footnote to the same article the editors reported the 
same species as a “pest” in gardens at Media, Delaware Co., Pennsylvania, collected 
by Mrs. S. P. Williams. On a recent field trip of the Torrey Botanical Club Lactuca 
stolonifera was found in considerable abundance as a weed in gardens and garden 
pathways and lawns at Arden, New Castle Co., Delaware. Specimens (H. N. Moldenke 
18239) are being deposited in. leading herbaria.—HAroL_p N. MOLDENKE. 
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Fretp Trre REPORTS 


May 4. WiLLowsprook Park, Staten IsLAnp. A total list of over forty species was 
compiled in the course of this study. In addition to those promised in the field schedule, 
Ranunculus Ficaria was an unusual plant seen in some abundance. A drive to the vicinity 
of Moravian Cemetary added many plants associated with the serpentine area there. 
Leader, Mr. L. A. Ellison. Attendanee, 6. 


May 4. BowMANS HILL WILDFLOWER PRESERVE, NEW Hope, Pa. The wild flowers and 
ferns of Pennsylvania have been brought together in this preserve with remarkable sue- 
cess. In spite of the rain much was learned about the plants and the problems of propa 
gating them under these conditions. This was a joint outing with the Academy of Natural 
Sciences of Philadelphia. Leaders, Edgar T. Wherry and Louis E. Hand. Attendanee, 
about 50 ineluding 9 Torrey members and guests. 


MAY 5. BrooKLYN BoTANIC GARDEN. There were many interesting features to be seen 
at this season. We regret that only one member took time to see them. Our thanks to Mr. 
Charles Doney just the same. 


May 5. WATCHUNG RESERVATION, UNION County, N. J. This was the second annual 
nature conference held in this area. A rainy morning kept some easily discouraged people 
from joining the survey walks conducted by the able leaders: Ralph Carver, Mrs. Tollison, 
David Fables, George Johnson, Guy Nearing, and A. T. Beals. After lunch at the Museum, 
reports were called for and commented upon by Dr. Richard Weaver. The usual educa- 
tional displays at Trailside Museum were given much attention by visitors. General leader, 
James Hawley. Attendance on walks over 50, at the Museum estimated 500. ° 


May 5. West Park, N. Y. A visit to ‘‘Slabsides,’’ the rustic cabin where John 
Burroughs spent much time writing, entertaining friends and studying nature lore. The 
cabin is situated in the midst of a mixed forest of hemlock, birch, beech, and butternut 
and has not been disturbed since Burroughs’ time. 

Due to the rain the group was allowed to eat their lunch inside the cabin and observe 
at first hand the many evidences that Burroughs had a hobby of picking up odd-shaped 
growths to be utilized in making his cabin comfortable and attractive. We saw bark- 
covered yellow birch logs used as partitions between the rooms and for the headboards 
of the beds; a table supported by a sumach tripod; a piece of cypress wood that he had 
dug up and used as a decorative piece over the doorway; odd-shaped roots used for coat 
hangers; a log, strangled by bittersweet, used as a part of the structure over the fire- 
place and other hand-made articles. 

The sun came out in the early afternoon permitting short trips in the forest adjacent 
to the cabin to see, among other things, the cave where Mr. Burroughs kept his food and 
where the phoebe, about which he wrote, built its nest year after year. Inspection of the 
plants along the trail to the spring produced yellow birch (Betula lutea), striped maple 
(Acer pennsylvanicum), red-berried elder (Sambucus racemosa), sickle-pod (Arabis cana- 
densis), early blue violet (Viola palmata) and the rarer long-spurred violet (V. rostrata), 
the latter forming large mats along the trail. Other. blooming plants were sweet white 
violet (Viola blanda), early saxifrage (Saxifraga virginiensis), crinkle-root (Dentaria 
diphylla), lyre-leaved rock cress (Arabis lyrata), blue cohosh (Caulophyllum _thalie- 
troides), and columbine (Aquilegia canadensis). 

After informal talks by Mr. Julius Burroughs, son of John Burroughs, and Mrs. 
Kelly, daughter of Julian Burroughs, the group was invited to go to West Park to see 
‘*Riverby’’ and the ‘‘ Bark-covered Study.’’ John Burroughs named the stone house, 
which he built when he returned from Washington, D. C. following the Civil War, 
‘*Riverby’’ because it overlooks the Hudson River. Sometime later he built the ‘‘ Bark 
covered Study’’ on the same property but a little nearer the river where he could escape 
visitors and concentrate on his writing. After this place became too popular he retreated 
into the forest and built ‘‘Slabsides’’ which is about a mile from his home on the Hudson. 
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Following the visit to the ‘‘Riverby’’ estate the people who wanted to do some 
more botanizing and birding were taken on further walks by the leaders: Harold N. 
Moldenke and Farida A. Wiley. Attendance 46. 


May 11-12. Camp THENDARA, PALISADES INTERSTATE PARK, N. Y. Although the 
weather was not at its best, this trip was profitable and pleasant as always. Dr. Johnson 
reported a bird list of over 70 species for the two days, comparing favorably with those 
of recent years. The botanical survey of the Appalachian Trail was pushed from Lake 
Tiorati traffie cirele to the fire-break road east of Black Mountain. Along the dry ridge, 
the flora was neither extensive nor varied. A moist place at the start increased the list of 
plants. It was violet season. More impressive to some were the fine views from Black 
Mountain. Leader and hostess, Mrs. Laura W. Abbott. Botanist, Louis E. Hand. Atten- 
dance 42, 


May 11-12. ArDEN, DELAWARE. All of the interesting things promised in the field 
schedule were produced ranging from natural plant communities to the beautiful gardens 
of Mr. Harry duPont. Exeursions were conducted on both days and a long list of native, 
naturalized, introduced, and exotie species was compiled. Leaders, Mr. and Mrs. Morris 
Berd and Dr, H. N. Moldenke. Attendance: Saturday 10, Sunday 12. 


May 12. WoopLANDsS LAKE, WESTCHESTER County, N. Y. A circuit was made around 
the lake and south to Nepera Park in spite of the ram. Flowers were plentiful though 
for the most part not unusual. The rare find was the northern thyme-leaved speedwell 
(Veronica humifusca Dickson) on the east side of Woodlands Lake, usuaily reported only 
from northern portions of the state. V. Chamaedrys L. was also seen in the woodlands. 
Thirty-three species of birds were listed. Leader, William Rissanen. Attendance 5. 


May 17-19. BRANCHVILLE NATURE CONFERENCE AT CULVERS LAKE, N. J. Under the 
joint management of Mr. Wallace M. Husk and Mr. James Hawley of the Summit Nature 
Club, we returned to Culvers Lake for a very successful nature conference. The lecture 
Friday evening was given by Dr. Meredith Johnson, State Geologist, on ‘‘ New Jersey’s 
Natural Resources.’’ Dr. Johnson took a large group afield on Saturday morning for a 
study of various rock exposures west of Kittatiny Ridge: Wisconsin glacial drift, 
Onondaga limestone, Esopus grit, Oriskany limestone, High Falls formation, and Martins- 
burg formation. David Fables led bird walks mornings, forenoons, and afternoons. He 
gave an illustrated talk featuring bird calls on Saturday evening. ‘‘ Bill’’ Hassler likewise 
was afield at all hours. He filled innumerable vivaria with reptiles and amphibia of the 
area, displaying nearly all of the forms to be expected hereabouts. Mr. Hassler gave an 
evening lecture illustrated with a beautiful movie in kodachrome which he had made with 
the cooperation of very able and obliging actors. Mildred Rulison led groups for flower- 
ing plants in different sorts of places while Mr. Herbert Dole scored the ferns. There was 
an interesting session on insects after lunch on Saturday and another after breakfast on 
Sunday. Louis E. Hand and John A. Small led three walks on the Appalachian Trail. 
These groups attempted to list all plants to be seen by hikers along these portions of the 
Trail, a list of over 150 species being compiled. The Appalachian Trail lecturé was given 
Saturday evening with kodachrome stills of interesting spots between Mt. Katahdin in 
Maine and Mt. Oglethorpe 2050 miles away in Georgia, supplied through the courtesy of 
the Appalachian Trail Conference, 1916 Sunderland Place, N. W., Washington 6, D. C. 

EKighty-three were registered for the whole conference while about 20 others partici- 
pated to a lesser extent. An incomplete list of clubs represented includes: Mountain Club 
of Maryland, Palmerton (Pa.) Bird Club, Philadelphia Botanical Club, Watchung Nature 
Club, Garden Clubs of N. J., Westfield Bird Club, Union County (N. J.) Park Com 
mission, Newark Museum Nature Club, Chatham Nature Club, Summit Nature Club, 
Audubon Society, and Linnean Society, but we should have especially liked to hear the 
report made by the representative of the Gourmet Society. 

Our thanks to all the leaders, to Mr. and Mrs. Warburg and staff of Haltere Hotel, 
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including our friends Mr. and Mrs. Haltere, and to Messrs. Hawley and Husk who 
apparently never slept. 





May 18. Sitver LAKE, WESTCHESTER CouNTYy, N. Y. This rich woodland area has 
been reported other years. Species attracting most attention were dwarf ginseng, blue 
cohosh, white baneberry, wild ginger, early blue violet, yellow violet (V. hastata), bulbous 
cress, and the many other woodland species. Sixty birds were seen or heard. Leader, 
Farida A. Wiley. Attendance 8. 











May 25-26. PINE BARRENS CANOE VoyaGeE, N. J. The group assembled at Forked 
River and took a Saturday afternoon walk around the three lakes on the Upper Fork, 
renewing acquaintance with the usual pine barrens plants. The beauty of the pitcher 
plant in full anthesis was most outstanding. Pine barrens heather was in flower. The 
earliest bladderworts and pipeworts brightened the bogs. Dinner at Greyhound Hotel ean 
be appreciated only by those participating. 


















Driving to Lake Oswego Sunday morning we traversed the tall pine-oak forest, the 
plains, and skirted a cranberry bog. An obliging (to the photographer) pine snake and 
less obliging fence lizards were seen. Canoes were put in the Oswego just below the dam 
in Penn Forest. The cruise of nearly three hours to upper Martha bog and an hour and 
a half on to Harrissa after lunch was called pleasant by all. Each canoe crew had its own 
opportunity to recognize the plants as we glided along on the current, sometimes pausing 
to compare notes and other times pausing with problems of navigation. No composite 
list was made but this was the season for dangleberry and fetterbush, with now and then 
magnolia in flower. Several bogs, passed up in the uncertainty about time, invite us to 
a more leisurely return. Curly grass fern and Conrad’s crowberry were produced for those 
desiring to see these plants. Leaders, Louis E. Hand and John A. Small. Attendance 16, 








MAy 26. SPRINGDALE, N. J. for limestone inhabiting plants. ‘‘We didn’t see any- 
thing very remarkable but the flora in that district is always interesting.’’ Leader, G. G. 
Nearing. Attendance 9. 














26. 
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MAY RESERVATION, UNION County, N. J. The second annual open 
house for hikers found some dozen or more clubs represented. Hikes were offered in the 
Reservation for various objectives including the flora of the various habitats represented. 
Leaders, Mildred Rulison and James Hawley. There was a large attendance but no count 
of hikers or Torrey members is at hand. 











May 30, Morristown, N. J. Due to failure in connecting, this trip went off in two 
sections. The more interesting one was to the Great Swamp where the matricary grape 
fern and a rare lichen (Pleuridium subulatum) rewarded the group in addition to an 
abundance of Viola lanceolata and V. prunifolia. The estranged group took in all the 
features of the Morristown National Historical Park, ineluding the nature trail and the 
old-fashioned garden at Tempe Wick’s house. Leader, Lois Wenman. Attendance 14. 




















JUNE 1. SOUTHERN PoRTION OF STATEN ISLAND. Although it proved too early for 
seeing lotus in flower a number of other things of interest were found. Mr. Napier sub 
stituted for Mr. L. A. Ellison as leader. Attendance 8. 





JUNE 1. ATLANTIC BEACH, LONG ISLAND. This outing as guests of the Department 
of Natural History of Brooklyn Institute was devoted primarily to marine invertebrates 
of which some 31 species were seen. Several species of marine algae were recorded. ‘‘ This 
place is a new sandbar with rapidly shifting populations, this year for the first time the 
dunes are overrun with ragwort (Senecio aureus).’’ Leader, Grace Peterson. Atten- 
dance 40, 


JUNE 2. It rained too much for trail clearing so the announced leader failed to go 
but you cannot rain out some botanists. Cladonia floridana was found on the Appalachian 
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Trail where it follows Flatbrookville road. This is the only known collection of the species 
on the Trail except one at High Point. Leader, G. G. Nearing. Attendance 3. 


JUNE 9. WASHINGTON VALLEY AND WATCHUNG MOUNTAINS NEAR PLAINFIELD, N. J. 
This walk through Wetumpka Notch included geology, ecological aspects, and various 
floral aspects along the way. A species list for this part of N. J. has been published, by 
the leader as, ‘‘Observed Flora of the Vicinity of Watchung, N. J.’’ Leader, Harold N. 
Moldenke. Attendance 32. 


JUNE 15-16. LAKE SHEHAWKIN, WAYNE County, Pa. ‘‘ Everybody was enthusiastic 
and enjoyed the pleasure of new fields and woods.’’ Leader, W. L. Dix. Attendance 12. 


JUNE 15. THE CHILDREN’S GARDEN, BROOKLYN BOTANIC GARDEN. ‘‘ These Torrey 
members were a pleasure to have for they were pretty enthusiastic about what they saw— 
the out-of-door laboratory with about 200 youngsters under foot but all having a good 
time.’’ Leaders, Frances Miner and Barbara Shalucha. Attendance 5. 


JUNE 16. KISSENA PARK, QUEENS, N. Y. ‘‘We followed the list of the Brooklyn 
Botanic Garden Leaflet of Dee. 1936 entitled, ‘The Rare Trees and Shrubs of Kissena 
Park, Flushing, L. I., N. Y.’ and found most of the trees mentioned. Some seem to have 
disappeared and the paths have been changed somewhat by the W.P.A. The swamp 
adjacent is being filled in and we had hopes of finding specimens there but not any more. 
After Kissena Park, we went to see that giant weeping beech about a mile or so away 
and found it doing well.’’ Leader, William Rissanen. Attendance 12. 


JUNE 23, HASKELL, N. J. There were thirteen on this trip and it appears that four of 
them were kept busy finding trails, identifying specimens, answering questions generally, 
and pointing out things of interest. No wonder the trip was called successful. Our thanks 
also to the North Jersey District Water Supply Commission for their permission to cross 
normally restricted property. Leaders, Albert and Vivian Schatz. 


JUNE 23. HOPEWELL VILLAGE AND FALLS OF FRENCH CREEK, CHESTER Co., Pa. Jointt 
trip as guests of the Academy of Sciences of Philadelphia. Several stops were made for 
interesting studies of bird life, geology and minerals. Three botanical forays were made. 
Conopholis americana, Liparis litiifolia, Pyrola americana, Scutellaria pilosa, Dryopteris 
Bootii, and Dryopteris Slossonae (= D. marginalis x D. cristata) were among the features 
reported. Two fern students listed 21 species in the course of the trip. Of something over 
100 participating, 4 were recognized from the Torrey Club. Leader, for T.B.C., 
Louis Hand. 

JUNE 30, VAN CORTLANDT PARK AND WESTCHESTER Co., for general nature explora 
tion. Plants, butterflies, and even a box turtle came up for consideration. Leader, Eleanor 
Friend, attendance 11. 


JuLY 6. GREAT Swamp, Morris County, N. J. Various areas were traversed the most 
exciting plant discovered was Ophioglossum vulgatum. Leader, G. G. Nearing. At- 
tendance 9. 


JULY 7. BORDENTOWN, N. J. Several remarkable specimens of woody plants were ob- 
served at the Bonapart Estate and at the farm of the late Charles Conrad Abbott. Leader, 
Mr. Charles R. Moorhead, Attendance 10. 

JULY 13. West ORANGE, N. J., to visit fern garden. ‘‘The ferns were in fine con 
dition except for some of the taller ones that had been broken during a recent thunder 
storm. One each of every species and variety had been tagged with markers for the benefit 
of those unfamiliar with fern names; both botanical and common names being given. 
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There were 85 of the markers. . . . Several new varieties have been added to the ecol- 
lection, including a fine specimen of Polypodium virginianum f. cambricoides, and Dryop- 
teris intermedia var. concordiana. Leader, W. H. Dole. Attendance, 20. 


JuLY 14. MILBURN, N. J. A good stand of Allium tricoceum was found ‘‘ which though 
common enough, is not always found in flower . . . I believe we found a good specimen 
of Hypoxylon punctatum on an old Shagbark Hickory.’’ Leader, William Rissanen. At- 
tendance, 20. 


JULY 27. WARD’s PoIntT, STATEN ISLAND. ‘‘ Besides the more usual things for the 
locality, we found Allionia nyctaginea which seems to persist from year to year. It was 
interesting to find a thriving colony of Tripsacum dactyloides. This grass is found at 
several places on Staten Island but I have never seen it near the point. Perhaps this is a 
new record for the loeality.’’ Leader, Charles Ericson. Attendance, 14. 


JULY 28. PREAKNESS HILLS for lichens and fungi. ‘‘ Nothing unusual except that 
Stereocaulon pileatum, a supposedly rare species which we have previously found very 
plentiful on Beech Mountain nearby, was found also on High Mountain.’’ Leader, G. G, 
Nearing. Attendance, 19. 


AveustT 11. SEELEY’s Notcu, N. J. A study of the general flora and ecology of the 
region. Leader, H. N. Moldenke. Attendance, 33. 


AvG6ust 18. UPPER GREENWOOD LAKE, N. J. Additional work on the botanical survey 
of the Appalachian Trail. Over 320 species were recorded. Worked east from Brady Road 
but did not reach Surprise Lake. Fungi were plentiful and varied. Leader, G. G. Nearing. 
Attendance, 8. 


NEws NOTES 


Members of the Club interested in field work will be glad to learn that Dr. William M. 
Harlow, of the New York State College of Forestry at Syracuse, has published a ‘‘ Fruit 
Key to Northeastern Trees.’’ This is a small booklet of 50 pages and 129 small photo 
graphs illustrating most of the species treated, besides other illustrations in the Intro- 
duction. It is a companion volume to the author’s ‘‘Twig Key to the Deciduous Woody 
Plants of Eastern North America.’’ 


The American Optical Company has recently announced a new development called the 
phase microscope which facilitates the observation of transparent material. The equip 
ment necessary to transform an ordinary light microscope into a phase microscope consists 
of a diaphragm, which produces a hollow cone of light, and a new diffraction plate placed 
within the objective lens system. The diffraction plate changes the light in such a way that 
details in a transparent specimen can be observed. Many materials are so transparent that 
nothing can be seen with a regular microscope, vet their internal structures usually do 
have differences in optical path which alter the phase of light passing through them. The 
invisible phase differences of the light are converted into illumination differences to which 
the eye is sensitive. Any regions within the specmen of different optical path can be made 
bright on a dark background or dark on a light background, depending on the kind of 
diffraction plate used. The phase microscope will make possible the study of transparent 
living organisms without the use of stains. It can also be used to study emulsions, glass 
and plastic transparent surfaces, minerals, crystals, synthetic fibers, and other materials. 
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Amshoff, G. J. H. The grasses of the Dutch West Indian Islands. Kolon. Inst. 
Amst. Meded. No. 59. Afd. Handelsmus. 25: 1-64. 1942. 

Balme, J. Laelias Mexicanas. sol. Soe. Bot. Mex. 4: 2-9. My 1946. 

Barneby, R. C. An alien Astragalus in Washington. Leafl. W. Bot. 4: 279, 
280. 28 Au 1946. 

Bay, J. C. Sequoia and Washingtonia in history and bibliography. Quart. 
Bull. Northwestern Univ. Med. School, Chicago. 20: [13-177] 1946. 
Blomquist, H. L. & Humm, H. J. Some marine algae new to Beaufort, North 

Carolina. Jour. Elisha Mitchell Soe. 62: 1-8. pl. 1-3. f. 1. Je [Au] 1946. 

Boeke, J. E. On quantitative statistical methods in taxonomy: subdivision of 
a polymorphous species: Planchonclla sandwicensis (Gray) Pierre. Blumea 
5: 47-65. f. 1. 1942. 

Brade, A. C. Labiatae e Pteridophyta do Herbario do Museu Nacional, Rio de 
Janeiro. Bol. Mus. Nae. [Rio de Janeiro] IT 5: 1-12. 20 Mr 1946. 
Cardenas, M. & Hawkes, J. G. New and little-known wild potato species from 
Bolivia and Peru. Jour. Linn. Soc. 53: 91-108. f. 1-10. 27 Au 1946. 
Chou, Ruth Chen-Ying. A second species of Hackelochloa. Jour. Wash. Acad. 

56; 282, 283. 15 Au 1946, 

Cockerell, T. D. A. Botanical taxonomy. Science 104: 146. 9 Au 1946. 

Cronquist, A. A note on Hieracium. Leafl. W. Bot. 4: 280. 28 Au 1946. 

Cronquist, A. Studies in the Sapotaceae—VI. Miscellaneous notes. Bull. 
Torrey Club 73: 465-471. S 1946. 

Dickason, F. G. The ferns of Burma. Ohio Jour. Sci. 46: 109-141. 7 map. 
My 1946, 

Dugand, A. Noticias botanicas colombianas—VI. Caldasia 4: 51-66. 10 My 
1946. 

Eastwood, A. Notes on Arctostaphylos Uva-ursi. Leafl. W. Bot. 4: 268-270. 
28 Au 1946. 

Fassett, N. C. Glyceria pallida and G. Fernaldii. Bull. Torrey Club 73: 463, 
464. S 1946. 

Fernald, M. L. Contributions from the Gray Herbarium of Harvard University 
No. CLXII. Identifications and reidentifications of North American plants. 
Rhodora 48: 137-162. pl. 1031-1046. 16 J1 1946. 184-197. pl. 1047, 1048. 
1 map. 5 Au 1946, 207-216. pl. 1049, 1050. 8 1946. 

Fosberg, F. R. Application of the name Euphorbia maculata L. Rhodora 48: 
197-200. f. 1-4. 5 Au 1946. 

Fosberg, F. R. Observations on Virginia plants. III. Castanea 11: 66-69. Je 
1946. 
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Gentry, H. S. Notes on the vegetation of Sierra Surotato in northern Sinaloa. 
Bull. Torrey Club 73: 451-462. f. 1-5. S 1946. 

Harlow, W. M. Fruit key to northeastern trees. 1-50. f. 1-129. Syracuse, 
N. Y., the author. Au 1946. lithoprinted. 

Hayes, D. W. Two remarkable range extensions [| Rhabdadenia corallicola and 
Rhocoma ilicifolia|. Castanea 11: 61, 62. f. 1, 2. Je 1946. 

Heiser, C. B. A ‘‘new’’ cultivated sunflower from Mexico. Madrofio 8: 
226-229. f. 1. JI [5 Au] 1946. 

Henrard, J. Th. Notes on the nomenclature of some grasses, II. Blumea 4: 
496-538. 1941. 

Henrard, J. Th. On a new species of Aronopus from South America with critical 
observations. Blumea 5: 525-529. 1 pl. 1945. 

Henrard, J. Th. On a new species of Paspalum from the island of Bonaire 

Nether. W. I.]. Blumea 5: 324-327. 1 pl. 1943. 

Henrard, J. Th. Some: new species of Azonopus (Gramineae). Blumea 5: 
274-279. 1 pl. 1942. 

Herzog, Th. Plantae a Th. Herzogio in itinere eius boliviensi altero annis 1910 
et 1911 collectae. Pars VII. |Th. Herzog (Euphorbiaceae); J. Th. Koster 
(Compositae).]  Blumea 5: 641-685. f. 1-8 1945. 

Hodgon, A. R. Notes on New Hampshire plants. Rhodora 48: 205, 206. 8S 1946. 

Howell, J. T. EHriogonum angulosum and related species. Leafl. W. Bot. 4: 
270-279. 28 Au 1946. : 

Howell, J. T. Two Washington weeds. | Rorippa sylvestris, Trifolium fragi- 
ferum.| Leafl. W. Bot. 4: 280. 28 Au 1946. 

Hyland, F. The conifers of Maine. Univ. Maine Ext. Serv. Bull. 345: 1-20. 
f. 1-16. Je 1946. 

Jansen, P. A new Puccinellia species. Blumea 5: 530, 531. 1 f. 1945. 

Kausel, E. Notas sobre plantas ornamentales y forestales chilenas. Revista 
Argent. Agron. 13: 121-127. Je 1946. 

Kearney, T. H. A new Eriogonum from Arizona. Leafl. W. Bot. 4: 267, 268. 
28 Au 1946. 

Koster, J. Th. Some Chlorophyceae from the marine salines of Bonaire (Nether 
lands, West Indies). Blumea 5: 328-335. f. 1, 2. 1943. 

Krukoff, B. A. & Monachino, J. The genus Strychnos in Colombia. Caldasia 4: 
39-49, 10 My 1946. 

Lasser, T. Exploraciones botanicas en el estado Merida. 3° Conf. Interam. 
Agtic. Caracas 11: 5-22. 1945. 

Leavenworth, W. C. A preliminary study of the vegetation of the region be 
tween Cerro Tancitaro and the Rio Tepaleatepec, Michoacan, Mexico. Am. 
Midl. Nat. 36: 137-206. f. 1-20. 1 map. J1 [S] 1946. 

Le6én, Brother. Contributions to the study of the Cuban palms. VII. The genus 
Calyptrogyne in Cuba. Contr. Ocas. Mus. Hist. Nat. Col. ‘‘De La Salle’’ 
| Habana] 3: 1-12. pl. 1, 2. Ap 1944. 

Maguire, B. & Holmgren, A. H. Botany of the Intermountain Region—I. Leafl. 
W. Bot. 4: 261-267. 28 Au 1946. 

McMinn, H. E. The status of the section Tropanthus Grant in Mimulus of 
Serophulariaceae. Madrofio 8: 234-236. pl. 20. J1 [5 Au] 1946. 

Martin, J. 8. Trifolium monanthum Gray. Madrofio 8: 230-233. f. 1. Jl [5 
Au] 1946, 

Merrill, E. D. The Amos Eaton herbarium. Rhodora 48: 201-205. S 1946. 
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Miranda, F. EF! género Engelhardtia de Orizaba, Ver. | Mexico}. Bol. Soe. Bot. 
Mex. 4: 15, 16. My 1946. 

O’Neill, H. The genus Cyperus in Cuba. Contr. Ocas. Mus. Hist. Nat. Col. *‘ De 
la Salle’’ |Habana] 6: 1-15. Ja 1946. 

Paray, L. Exploraciones botdnicas en el norte del estado de Puebla | Mexico}. 
Bol. Soc. Bot. Mex, 4: 10-13. My 1946. 

Papenfuss, G. F. Structure and reproduction of Trichogloea Reqinenii, with a 
comparison of the genera of Helminthoecladiaceae. Bull. Torrey Club 73: 
419-437. f. 1-26. S 1946. 

Peattie, D. C. The use—and uselessness—of loeal floras. Castanea 11: 63-65. 
Je 1946. 

Pennell, F. W. Reconsideration of the Bacopha-Herpestis problem of the Sero 
phulariaceae. Proc. Nat. Acad. 98: 83-98. 19 Je 1946. 

Pennell, F. W. Species of Stemodia and Galvezia (Scrophulariaceae) on the coast 
of Ecuador and northern Peru. Not. Nat. 179: 1-6. 21 Je 1946. 

Reko, B. P. Los géneros Fanerogimicos Mexicanos. Bol. Soc. Bot. Mex. 4: 
19-40. My 1946. 

Reko, B. P. Nombres Tarascos de plantas {| Mexico]. Bol. Soe. Bot. Mex. 4: 
41-45. My 1946. 

Ricker, P. L. Two new Canavalias. Castanea 11: 55, 56. Je 1946. 

Sampaio, A. J. de. Nomes vulgares de plantas do distrito federal e do Estado 
do Rio de Janeiro. Bol. Mus. Nac. | Rio de Janeiro] II 4: 1-149. 15 Ja 
1946. 

Schweinfurth, C. A unique Brassia from Peru. Am. Orchid Soc. Bull, 15: 132 
134. 1 f. 3 Au 1946, 

Sharp, A. La distribucién del género Podocarpus en Mexico. Bol. Soc. Bot. Mex. 
4: 17, 18. 1 map. My 1946. 

Sherff, E. E. Some new or otherwise noteworthy dicotyledonous plants. Am. 
Jour, Bot. 33: 499-510. f. 1-3. Je [31 J]] 1946. 

Smith, B. E. Additions to the flora of South Carolina. Jour. Elisha Mitchell 
Soe. 62: 81-86. Je [Au] 1946. 

Smith, L. B. & Schubert, B. G. The Begoniaceae of Colombia. Caldasia 4: 3- 
38. 10 My 1946. 

Stevens, O. A. Better titles, more effective publication. Science 104: 179, 180. 
23 Au 1946. 

Steyermark, J. & Meyer, H. A. Informe de la Misién de Cinchona en Venezuela. 
Bol. Soc. Venez. Cien. Nat. 10: 163-189. 1 map. 1946. 

Svenson, H. K. Vegetation of the coast of Ecuador and Peru and its relation to 
that of the Galapagos Islands. II. Catalogue of plants. Am. Jour. Bot. 33: 
427-498. pl. 1-22. Je [31 J1] 1946. 

Taft, C. E. Monostroma Wittrockii in Ohio. Ohio Jour. Sei. 46: 163, 164. My 
1946, 

Turrill, W. B. The ecotype concept; a consideration with appreciation and 
criticism, especially of recent trends. New Phytol. 45: 34-43. 1 Je 1946. 

Veloso, H. P. As comunudades e as estacoés botanicas de Teresépolis, Estado 
do Rio de Janeiro. (Com um ensaio de uma chave dendrologica). Bol. Mus. 
Nae. | Rio de Janeiro] IT 3: 1-95. f. 1-36. 10 N 1945. 

Wagner, W. H. Fern field notes in the Washington-Baltimore area. Castanea 
11: 59, 60. Je 1946. 

Weevers, Th. The relation between taxonomy and chemistry of plants. Blumea 

5: 412-421. 1943. 
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Wheeler, L. C. Tithymalus ‘‘{Tourn.]’’ proposed for conservation. Am. Jour. 
Bot. 33: 569, 570, Je [31 J1] 1946. 

Wilde, C. E. Betula glandulosa at a low altitude in New Hampshire. Rhodora 
48: 183. 5 Au 1946, 

Xolocotzi, E. H. La distribucién natural de la Scheelea preussii Burret, se ex 
tiende a México. Revista Soc. Mex. Hist. Nat. 6: 145-152. D 1945. 


MORPHOLOGY 
(including anatomy and cytology in part) 

also under Plant taxonomy and Floristics: Papenfuss; under Plant Physiology: Swanson) 

Bloch, R. Differentiation and pattern in Monstera deliciosa. The idioblastie de- 
velopment of the trichosclereids in the air root. Am. Jour. Bot. 33: 544— 
551. f. 1-17. Je [31 Jl] 1946. 

Curtis, J. T., Duncan, R. E. & Blondeau, R. Non-latex rubber in Cryptostegia. 
Am. Jour. Bot. 33: 578. Je [31 Jl] 1946. 

Flemion, F. & Uhlmann, G. Further studies of embryoless seeds in the Umbelli 
ferae. Contr. Boyce Thompson Inst. 14: 283-293. My—Je [Au] 1946. 
Gunckel, J. E. & Wetmore, R. H. Studies of development in long shoots and 
short shoots of Ginkgo biloba. Il. Phyllotaxis and the organization of the 
primary vascular system; primary phloem and primary xylem. Am. Jour. 

Bot. 33: 532-543. f. 1-18. tables, 1, 2. Je [31 Jl] 1946. 

Link, G. K. K. & Eggers, V. Mode, site and time of initiation of hypocoty 
ledonary bud primordia in Linum usitatissimum L. Bot. Gaz. 107: 441- 
454. f. 1-7. Je [1 Au] 1946. 

Landes, M. Seed development in Acalypha rhomboidea and some other Euphor- 
biaceae. Am. Jour. Bot. 33: 562-568. f. 1-32. Je [31 Jl] 1946. 

Maheshwari, P. The Adoxa type of embryo sac: a critical review. Lloydia 9: 
73-113. f. 1. Je [S] 1946. 

Savile, D. B. O. A rapid freehand sectioning method for leaves. Stain Tech. 
21: 99-102. f. 1, 2. Jl 1946. 

Simpson, D. M. & Hertel, K. L. Environmental modification of fiber properties 
as a source of error in cotton experiments. Jour. Agr. Res. 73: 97-111. 
Ll Au 1946. 

Sinnott, E. W. & Bloch, R. Comparative differentiation in the air roots of 
Monstera deliciosa. Am. Jour. Bot. 33: 587-590. f. 1-5. Jl [Au] 1946, 

Sparrow, F. K. Types of pods of Asclepias syriaca found in Michigan. Jour. 
Agr. Res. 73: 65-80. f. 1-5. 1 Au 1946. 

Struckmeyer, B. E. The anatomy of the abnormal swellings on,the stems of some 
varieties of soybeans. Am. Jour. Bot. 33: 571-577. f. 1-19. Je [31 Jl] 1946. 

Van Fleet, D. S. An oxidation and adsorption reaction for differentiating the 
endodermis and the collenchyma. Stain Tech. 21: 95-98. 7 pl. J1 1946. 

Wagner, K. A. Notes on the anomalous stem structure of a species of Bauhinia. 
Am. Midl. Nat. 36: 251-256. pl. 1. f. 1. Jl |S] 1946. 

Weaver, H. L. A developmental study of maize with particular reference to 
hybrid vigor. Am. Jour. Bot. 33: 615-624. f. 1, 2. Jl] [Au] 1946. 

Wellwood, R. W. The physical-mechanical properties of certain West Indian 
timbers. II. Carib. Forest. 7: 191-252. J] 1946. 


PLANT PHYSIOLOGY 
(See also under Mycology: Fisher, Riker & Allen; Gottlieb) 
Allard, R. W., DeRose, H. R. & Swanson, C. P. Some effects of plant growth 
regulators on seed germinations and seedling development. Bot. Gaz. 107: 
575-583. f. 1-6. Je [1 Au] 1946. 
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Allard, R. W. ef al. The action of isopropylphenylearbamate upon plants. Bot. 
Gaz. 107: 589-596. Je [1 Au] 1946. 

Barton, L. V. & Garman, H. R. Effect of age and storage condition of seeds on 
the yields of certain plants. Contr. Boyce Thompson Inst. 14: 243-255. 
My |Au] 1946. 

Berger, J., Smith, P. & Avery, G. S. The influence of auxin on respiration of the 
Avena coleoptile. Am. Jour. Bot. 33: 601-604. f. 1, 2. + tables 1-3. Jl 

Au] 1946. 

DeRose, H. R. Persistence of some plant growth-regulators when applied to the 
soil in herbicidal treatments. Bot. Gaz. 107: 583-589. f. 1-3. Je [1 Au 
1946. | 

Denny, E. E. Gas content of plant tissue and respiration measurements. Contr. 
Boyce Thompson Inst. 14: 257-276. My [Au] 1946. 

Ennis, W. B. & Boyd, F. T. The response of kidney-bean and soybean plants to 
aqueous-spray applications of 2,4-dichlorophenoxyacetice acid with and with 
out Carbowax. Bot. Gaz. 107: 552-559. f. 1-4. Je | Au] 1946. 

Ennis, W. B. et al. Effects of certain growth-regulating compounds on Irish 
potatoes. Bot. Gaz. 107: 568-574. f. 1, 2. Je |1 Au] 1946. 

Erickson, L. C. Growth of tomato roots as influenced by oxygen in the nutrient 
solution. Am. Jour. Bot. 33: 551-561. f. 1-9. Je [31 J1]] 1946. 

Garman, H. R. & Barton, L. V. Response of lettuce seeds to thiourea treatments 
as affected by variety and age. Contr. Boyce Thompson Inst. 14: 229-241. 
f. 1-4. My [Au] 1946, 

Hildebrandt, A. C., Riker, A. J. & Duggar, B. M. The influence of the com 
position of the medium on growth in vitro of excised tobacco and sunflower 
tissue cultures. Am. Jour. Bot. 33: 591-597. f. 1-3 tables 1-3. Jl [Au] 
1946. 

MacVicar, R. & Struckmeyer, B. BE. The relation of photoperiod to the boron 
requirement of plants. Bot. Gaz. 107: 454-461. f. 1-8. Je [1 Au] 1946. 

Moore, R. H. Some effects of altitude and water supply on the composition of 
Derris elliptica. Bot. Gaz. 107: 467-474. f. 1, 2. Je [1 Au] 1946. 

Myers, J. Culture conditions and the development of the photosynthetic mecha 
nism. II]I—Influence of light imtensity on cellular characteristics of 
Chlorella. Jour. Gen. Physiol. 29: 419-427. 7 f. 20 J1 1946. [IV— Influence 
of light intensity on photosynthetic characteristics of Chlorella, 429-440. 
f. 1-8. 

Norman, A. G. Studies on plant growth-regulating substances. Bot. Gaz. 107: 
475. Je [1 Au] 1946. 

Patterson, P. M. Osmotic values of bryophytes and problems presented by re 
fractory types. Am. Jour. Bot. 33: 604-611. tables 1-3. J1 [Au] 1946. 
Smith, H. H. Quantitative aspects of aqueous-spray applications of 2,4-dichloro 
phenoxyacetie acid for herbicidal purposes. Bot. Gaz. 107: 544-551. f. 1-6. 

Je {1 Au] 1946. 

Swanson, C. P. Histological responses of the kidney bean to aqueous sprays of 
2,4-dichlorophenoxyacetic acid. Bot. Gaz. 107; 522-531. f. 1-17. Je [1 Au] 
1946. 

Swanson, C. P. A simple bio-assay method for the determination of low con- 
centrations of 2,4-dichlorophenoxyacetic acid in aqueous solutions. Bot. 
Gaz. 107: 507-509. 1 f. Je [1 Au] 1946. 

Swanson, C. P. Two methods for the determination of the herbicidal effective 
ness of plant growth-regulating substances in oil solution on broadleaf 
plants. Bot. Gaz. 107: 560-562. Je [1 Au] 1946. 
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Taylor, D. L. Observations on the growth of certain plants in nutrient solu- 
tions containing synthetic growth-regulating substances. I. Some effects 
of 2,4-dichlorophenoxyacetic acid. Bot. Gaz. 107: 597-611. 7, 1-3. Je [1 Au] 
1946. II. The influence of presentation time. 611-619. f. 1-3. III. The 
relative toxicity of isopropylphenylearbamate and some phenoxyacetie acid 
derivatives to some cereals. 620-629. f. 1-3. IV. The amount of growth 
in soil and solution cultures treated with equal weights of ammonium 2,4- 
dichlorophenoxyacetate. 630-632. 

Thompson, H. E., Swanson, C. P. & Norman, A. G. New growth-regulating com- 
pounds. I. Summary of growth-inhibitory activities of some organic com- 
pounds as determined by three tests. Bot. Gaz. 107: 476-507. Je [1 Au] 
1946. 

Thorton, N. C. Factors influencing vitamin C content of asparagus, banana, and 
seedlings of garden pea during growth or in storage. Contr. Boyce Thomp- 
son Inst. 14: 295-304. f. 1 M [Au] 1946. 

Weaver, R. J. Effect of spray applications of 2,4-dichlorophenoxyacetie acid on 
subsequent growth of various parts of red kidney bean and soybean plants. 
Bot. Gaz. 107: 532-539. 7. 1-16. Je [1 Au] 1946. 

Weaver, R. J. Some effects of season, habitat, and clipping on the chemical com 
position of Andropogon furcatus and Stripa spartea. Bot. Gaz. 107: 427- 
441. f. 1, 2. Je [1 Au] 1946, 

Weaver, R. J. & DeRose, H. R. Absorption and translocation of 2,4-dichloro 
phenoxyacetie acid. Bot. Gaz. 107: 509-521. f. 1-11. Je [1 Au] 1946. 

Weaver, R. J., Minarik, C. E. & Boyd, F. T. Influence of rainfall on the effec 
tiveness of 2,4-dichlorophenoxyacetie acid sprayed for herbicidal purposes. 
Bot. Gaz. 107: 540-544. f. 1+. Je [1 Au] 1946. 

Weaver, R. J. et al. Effect of plant growth-regulators in relation to stages of de 
velopment of certain dicotyledonous plants. Bot. Gaz. 107: 563-568. Je 
[1 Au] 1946. 

Wynd, F. L. & Noggle, G. R. Effects of selected properties of soils on growth of 
Sudan grass. Lloydia 9: 146-151. f. 1-8. + tables 1-4. Je [|S] 1946. 


GENETICS 
(including cytogenetics) 
(See also under Mycology: Ryan & Lederberg; Sjéwall; under Morphology: Weaver) 

Bhaduri, P. N. & Sharma, A. K. Cytogenetics of Datura fastuosa L. Bull. 
Torrey Club 73: 438-450. f. 1-13 + table 1, 8 1946. 

Carletto, G. M. O nimero de cromosémios em cacaueiros. Bol. Tec. Inst. Cacau 
Bahia 6: 35-39. f. 1-6. 1946. 

Carletto, G. M. O polinizacao controlada na flor do Cacaueiro. Bol. Tee. Inst. 
Cacau Bahia 6: 5-30. f. 1-9. 1946, 

Chin, T. C. The cytology of polyploid Sorghum. Am. Jour. Bot. 33: 611-614. 
tables 1-4 + f. 1-5. J1 [Au] 1946. 

Chin, T. C. Wheat-rye hybrids. Jour. Hered. 37: 195, 196. f. 1. Jl [8S] 1946. 

Clarke, A. E. & McKay, H. M. A cytological study of some triploid onion plants. 
Jour. Hered. 37: 131-136. f. 1, 2. My [Je] 1946. 

Dodge, B. O. Self-sterility in ‘‘bisexual’’ heterocaryons of Neurospora. Bull. 
Torrey: Club 73: 410-416. S 1946. 

Gerstel, D. U. Inheritance in Nicotiana tabacum. XXI. The mechanism of 
chromosome substitution. Genetics 31: 421-427. J] 1946. 

Gustafsson, A. Apomixis in higher plants. Part I. The mechanism of apomixis. 
Lunds Univ. Arssk, Avd. 2, 42°: 1-67. f. 1-20. 14 Mr 1946. 
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Hartung, M. E. Chromosome numbers in Pea, Agropyron, and Elymus. Am. 
Jour. Bot. 33: 516-531. f. 1-4. Je [31 Jl] 1946. 

Hayes, H. K. Yield genes, heteresis and combining ability. Am. Nat. 80: 430- 
445, tables 1-12. J1 |5 Au] 1946. 

Kostoff, D. Cytogenetics of the genus Nicotiana. | , 1-1072. 1 col. pl. 
f. 1-345. + tables 1-70. Sofia, 1941-1943. 

Langham, D. G. Genetics of sesame | Sesamum|—lIII. ‘‘Open sesame’’ and 
mottled leaf. Jour. Hered. 37: 149-152. f. 1-5. My |Je] 1946. 

Lindegren, C. C. A new gene theory and an explanation of the phenomenon of 
dominance to Mendelian segregation of the eytogene. Proce. Nat. Acad. 
32: 68-70. Mr 1946. 

McKay, H. B. & Clarke, A. E. The use of enzymes in the preparation of root-tip 
smears. Stain Tech. 21: 111-114. 7 f. Jl 1946. 

Mather, K. Dominance and heterosis. Am. Nat. 80: 91-96. Ja 1946. 

Newcomer, E. H. A three-year trial of hybrid poplars in North Carolina. Jour. 
Elisha Mitchell Soc. 62: 77-80. Je | Au] 1946. 

Sansome, E. R. Heterokaryosis, mating-type factors, and sexual reproduction 
in Neurospora. Bull. Torrey Club 73: 397-409. f. 1-5. S 1946. 

Stadler, L. J. Spontaneous mutation of the R locus in maize. I. The aleuron-color 
and plant-color effects. Genetics 31: 377-394. J1 1946. 

Stebbins, G. L., Valencia, J. I. & Valencia, R. M. Artificial and natural hybrids 
in the Gramineae, tribe Hordeae. II. Agropyron, Elymus and Hordeum. 
Am. Jour. Bot. 33: 579-586. f. 1-17 + tables 1, 2. Jl [Au] 1946. 

Warmke, H. E. Precooling combined with chromosomacetie fixation in studies 


of somatic chromosomes in plants. Stain Tech. 21: 87-91. 1 f. Jl 1946. 


MYCOLOGY AND PHYTOPATHOLOGY 
(See also under Genetics: Dedge, Sansome) 


Ark, P. A. & Leach, L. D. Seed transmission of bacterial blight of sugar bect. 
Phytopathology 36: 549-553. f. 1. J1 1946. 

Baker, K. F., Snyder, W. C. & Holland, A. H. Lygus bug injury of lima bean in 
California. Phytopathology 37: 493-503. f. 1, 2. Jl 1946. 

Blodgett, E. C. Transmission of peach wart by graft inoculations with affected 
fruit tissue. Phytopathology 36: 675. Au 1946. 

Brett, C. H. Insectidal properties of the Indigobush (Amorpha fruiticosa). 
Jour. Agr. Res. 73: 81-96. f. 1-5. + tables 1-3. Au 1946. 

Chardon, C. E. Fungi Domingeases novi vel minus cogniti. I. Farlowia 2: 
455-473. f. 1-27. JI [8S] 1946. 

Coker, W. C. The United States species of Coltricia. Jour. Elisha Mitchell Soc. 
62: 95-107. pl. 17-22. Je | Au] 1946. 

Couch, J. N. Two species of Septobasidium from Mexico with unusual insect 
houses. Jour. Elisha Mitchell Soe. 62: 87-94. pl. 15, 16. + f. 1-4. Je 
[Au] 1946. 

Diller, J. D., Whittaker, C. W. & Anderson, M. S. Effect of mineral nutrition on 
the vigor and susceptibility to blight of old Japanese chestnut trees. Phyto 
pathology 36: 554-556. Jl 1946. 

Elliott, C. & Jenkins, M. T. Helminthosporium turcicum leaf blight of corn. 
Phytopathology 36: 660-666. f. 1, 2. + tables 1, 2. Au 1946. 

Ellis, D. E. Anthracnose of dwarf mistletoe caused by a new species of Septo 
gloeum. Jour. Elisha Mitchell Soc. 62: 25-50. pl. 4-6. + f. 1-4 + tables 1-4. 
Je {|Au] 1946. 
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Fawcett, H. S. Stubborn disease of citrus, a virosis. ‘Phytopathology 36: 
675-677. Au 1946. 

Fisher, E. H., Riker, A. J. & Allen, T. C. Bud, blossom, and pod drop of canning 
string beans reduced by plant hormones. Phytopathology 36: 504-523. 
f. 1, 2. + tables 1-10. J1 1946. 

Frazier, N. W. & Freitag, J. H. Ten additional leafhopper vectors of the virus 
causing Pierce’s disease of grapes. Phytopathology 36: 634-637. Au 1946. 

Gaumann, E. Types of defensive reactions in plants. Phytopathology 36: 624— 
633. f. 1-5. Au 1946. 

Gottlieb, D. & Garner, J. M. Rust and phosphorus distribution in wheat leaves. 
Phytopathology 36: 557-564. f. 1. Jl 1946. 

Groves, J. W. The genus Dermea in North America. Mycologia 38: 351-431. 
f. 1-57. Jl 1946. 

Hedges, F. Association of Xanthomonas phaseoli and the common bean-mosaic 
virus, Marmor phaseoli. II. Dissociation studies of X. phaseoli. Phyto 
pathology 36: 589-612. f. 1-6. Au 1946. 

Hedges, F. Experiments on the over-wintering in the soil of bacteria causing 
leaf and pod spots of snap and lima beans. Phytopathology 36: 677, 678. 
Au 1946. 

Hedges, F. & Fisher, H. Association of Xanthomonas phaseoli and the common 
bean-mosaic virus, Marmor phaseoli. III. The effect of varying amounts of 
nitrogen on pathogenicity. Phytopathology 36: 613-624. f. 1. Au 1946. 

Holmes, F. O. A comparison of the experimental host ranges of tobacco-etch 
and tobacco mosaic viruses. Phytopathology 36: 643-659. f. 1, 2. + table 
1, 2. Au 1946. 

Jenkins, A. E. Elsinoé piri in France and Spain in the light of quarantine in 
terceptions. Mycologia 38: 450-452. 1 f. Ji 1946. 

Limber, D. P., Pollack, F. G. & Jenkins, A. E. Elsinoé discovered on Sesbania 
and Cinnamomum in the United States. Mycologia 38: 463-472, f. 1-3. 
Jil 1946. 

Marchionatto, J. B. Nota relacionada con la etiologia de la podredumbre de la 
raicilla del Naranjo. Revista Argent. Agron. 13: 96-100. Je 1946. 

Martinez Crovetto, R. Observaciones sobre las malezas de los cultivos en el 
partido de Balearce (Provincia de Buenos Aires). Revista Argent. Agron. 
13: 101-120. Je 1946. 

Milbrath, J. A. Green dwarf; a virus disease of potato. Phytopathology 36: 
671-674. f. 1, 2. + table 1. Au 1946. 

Olive, L. S. New or rare Heterobasidiomycetes from North Carolina—lII. Jour. 
Elisha Mitchell Soc. 62: 65-71. pl. 11-14. Je | Au] 1946. 

Presley, J. T. Diplodia die-back of guayule (Parthemium argentatum Gray). 
Phytopathology 36: 565-571. f. 1, 2. Jl 1946. 

Prince, A. E. The biology of Gymnosporangium nidus-avis Thaxter. Farlowia 
2: 475— 525. pl. 1, 2. + table 1-8. + appendix 1, 2. J) [8] 1946. 

Ryan, F. J. & Lederberg, J. Reverse-mutation and adaptation in leucineless 
Neurospora. Proe. Nat. Aead. 32: 163-173. f. 1-3. 15 Je 1946. 

Saville, D. B. C. A new species of Stagonospora on Ambrosia. Mycologia 38: 
453-454. 7 f. Jl. 1946. 

Seaver, F. J. Photographs and descriptions of cup-fungi—XLI. Catinella nigro 
olivacea. Mycologia 38: 473-476. 1 f. Jl 1946. 

Shands, H. L. & Schaller, C. W. Response of spring barley varieties to floral 
loose smut inoculation. Phytopathology 36: 534-548. J] 1946. 
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Simson, F. W. Chromoblastomycosis. Some observations on the types of the 
disease in South Africa. Mycologia 38: 432-449. f. 1-10. Jl 1946. 

Singer, R. The Boletineae of Florida with notes on extralimital species. IV. 
The lamellate families (Gomphidiaceae, Paxillaceae, and Jungasporaceae 
Farlowia 2: 527-567. pl. 17. J1 |S] 1946. 

Sjowall, M. Studien iiber sexualitaét vererbung und zytologie bein einigen did 
zischen Mucoraceen. Lund |[Gleerupska Univ. Bokhandelen]. 1-97. /f. 

28. 1945. 

Smith, O. F. Effect of soil temperature on the development of Rhizoctonia root 
canker of alfalfa. Phytopathology 36: 638-642. f. 1-2. Au 1946. 

Snyder, W. C. & Hai.sen, H. N. Control of culture mites by cigarette paper 
barriers. Mycologia 38: 455-462. f. 1, 2. Jl 1946. 

Standen, J. H. A texic substance occurring in certain maize cobs. Contr. Boyce 
Thompson Inst. 14: 277-281. M—Je [Au] 1946. 

Steinberg, R. A. Sporangial propagation of blue mold fungus on asceptically 
grown tobacco seedlings. Bull. Torrey Club 72: 417, 418. S 1946. 

Taylor, C. F. & Rupert, J. A. A study of vegetable seed protectants. Phyto 
pathology 36: 726-749. f. 1-9. + tabies 1-4. S 1946. 

Tompkins, C. M. & Ark, P. A. Seedling disease of yellow calla, caused by Cor 
tictum solani, and its control. Phytopathology 36: 699-702. S 1946. 

Weimer, J. L. Lespedeza anthracnose. Phytopathology 36: 524-533. f. 

Jl 1946. 

Whiffen, A. J. Two new terricolous Phycomycetes belonging to the 
Lagenidium and Blastocladiella. Jour. Elisha Mitchell Soc. 62: 
pl. 7. Je [Au] 1946. 

Wilkinson, R. E. & Kent, G. C. Some factors determining the infection of corn 
by Ustilago zeae (Beckm.) Unger. Iowa State Coll. Jour. Sci. 19: 401 
403. f. 1-3. J1 1945. 
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Brown, R. W. Walnuts from the Late Tertiary of Ecuador. Am. Jour. Sci. 
244: 554-556. f. 1-9. Au 1946. 

Buell, M. F. Size-frequency study of fossil pine pollen compared with herbarium 
preserved pollen. Am. Jour. Bot. 33: 510-516. f. 1-4. Je [31 J1] 1946. 

Hoskins, J. H. & Cross, A. T. Studies in the Trigonocarpales. Part I. Pachy 
testa vera, a new species from the Des Moines series of Iowa. Am. Midl. 
Nat. 36: 207-250. f. 1-56. J1 [|S] 1946. 


ECOLOGY AND PLANT GEOGRAPHY 
(See also under Plant Taxonomy and Floristics: Alain, Turrill) 


Baez, J. R. Dos aspectos de la vegetacién del Norte de San Luis. Revista. 
Argent. Agron. 13: 69-95. pl. 1, 2. Je 1946. 

Beard, J. S. Notas acera de la vegetacién de la Peninsula de Paria, Venezuela. 
Bol. Soe. Venez. Cien. Nat. 10: 191-200. 1946. 

Daubenmire, R. F. Radial growth of trees at different altitudes. Bot. Gaz. 
107: 462-467. f. 1-5. Je [1 Au] 1946. 

Dyksterhuis, E. J. The vegetation of the Forth Worth Prairie. Ecol. Monogr. 
16: 1-29. f. 1-11. Ja 1946. 

Leén, Hno & Aguayo, C. G. Excursion botdénica a la Bahia de Nuevas Grandes y 
hallazgo de una especie de cachalote nueva para la Fauna cubana. Contr. 
Ocas. Mus. Hist. Nat. Col. ‘‘De La Salle’’ |Habana] 5: 1-7. f. 1-6. 
D 1945. 
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Mason, H. L. The edaphic factor in narrow endemism. I. The nature of environ 
mental influences. Madrofio 8: 209-226. Jl [5 Au] 1946. 

Schulman, E. Tree-ring hydrology of the Colorado River basin. Univ. Arizona 
Bull. | Lab. Tree-ring Res. Bull. n. 2] 16*: 1-51. pl. 1-3 + f. 1-4. 25 Je 1946. 

Wells, B. W. Archeological disclimaxes. Jour. Elisha Mitchell Soc. 62: 51-53. 
Je |Au] 1946, 


GENERAL BOTANY 
(including Biography) 
Arbor, A. Goethe’s botany. The Metamorphosis of plants (1790) and Tobler’s 
Ode to Nature (1782). Chron. Bot. 10: 63-124. pl. 23-26. Summer 1946. 
Bailey, L. H. William Trelease (1857-1945). Year Book Am. Phil. Soc. 1945: 
420-425. 1946. 
Blewitt, A. E. Edgar Burton Harger. Rhodora 48: 263, 264. S 1946. 
Spangler, R. C. Edith Stevens [1896-1945]. Castanea 11: 90. Je 1946. 
Stevenson, J. A. James Robert Weir, 1881-1943. Phytopathology 36: 487-492. 
port. J1 1946. 
Walker, J. C. James Peter Jolivette, 1915-1945. Phytopathology 36: 415-417. 
port. Je 1946. 
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New names and combinations are designated by bold-face type. The names of con 


tributors are in CAPITALS. 


Abies balsamea, 205 

Acacia cornigera, 358; cymbispina, 358; 
farnesiana, 358; pennatula, 358 

Acalypha brachystachys, 123 

Acenaphthene, effect of on plant tissue, 
34—59, 167 

Acer pennsylvanicum, 590; rubrum, 1, 15, 
90 


Acetabularia calyculus, 76, 78; major, 77, 


78 

Achlyogeton entophyton, 8 

Acnida cannabina, 93 

Aconitum napellus, 62, 63 

Acorus calamus, 64 

Acrobeloides biitschlii, 1: sp, 1-5 

Actinidia chinensis, 128: lanata, 128 

Additional introduced plants in the Aleu 
tian Islands, 204 

Agrimonia striata, 461 

Agropyron repens, 64 

Ailanthus altissima, 128 

AJELLO, LIBERO: Minutes of meetings of 
the Club, 475-478 

Akebia quinata, 589; trifoliata, 114 

Alangium platanifolium, 128 

Albizzia versicolor, 348, 349 

Aleutian Islands, introduced plants in, 204 

Algae, Proposed names for the phyla of, 
217 

ALLEN, GEORGE 8S.: The origin of the 
microsporangium of Pseudotsuga, 547 

Allionia nyctaginea, 594 

Allium cepa, 34-59, 167-180, 476; tricoc 
cum, 594 

Alnus cremastogyne, 128; nepalensis, 128 

Aloe barbadensis, 62: vera, 62, 63 

Althaea rosea, 129 

Amblystegium varium, 164 

American botanical literature, Index to, 96, 
208, 327, 381, 481, 595 

Amelanchier laevis, 205; oblongifolia, 29 

Amphicarpaea edgeworthii, 113 

Anadyomene flabellata, 75, 77; leclancherii, 
75, 77: stellata, 75, 77: plicata, 75; 
wrightii, 75 

Andropogon glomeratus, 28; scoparius, 204 

Anomalosicyos, A new genus in Cucurbita 
eeae, 565; andreanus, 569; barbatus, 
565; f. lobatus, 567; fusiformis, 569; 
macrocarpus, 569; martii, 569; pal- 

matilobus, 569; quinquelobatus, 569 


Anomodon attenuatus, 164: minor, 164 

Another station for Lactuca stolonifera, 
589 

Aphanomyces camptostylus, 9 

Apocynum cannabinum var. hypericifolium, 
64 

Aquilegia aff. skinneri, 460; canadensis, 
590 

Arabis canadensis, 590; lyrata, 590 

Aralia nudicaulis, 64; racemosa, 64 

Arbutus xalapensis, 458 

Arenaria congesta var. charlestonensis, 
326; var. macradenia, 326; fendleri var. 
glabrescens, 326; filiorum, 326; kingii 
subsp, rosea, 326; macradenia, 326; 
subsp. macradenia, 326; subsp. macra 
denia var. macradenia, 326 

Aristida schiedeana, 459 

Aronia arbutifolia, 29 

Artemisia sieveriana, 129 

Arthrobotrys oligospora, 1 

Arundinaria longifolia, 361 

Asarum canadense, 64 

Ascaris infecta, 13 

Asellaria caulleryi, 14 

Astreptonema longispora, 13 

Atropa belladonna, 62, 63 

Avrainvillea erecta, 74, 78 

Azalea atlantica, 29 


Azolla caroliniana, 93 


BALDWIN, J. T., JR.: Banisteria caapi 
Spruce: its chromosomes, 282, Cytogeog 
raphy of Emilia Cass. in the Americas, 
18 

Banisteria caapi, 282-284; chromosomes, 
282; quitensis, 282 

Banisteriopsis inebrians, 282 

Barbula ecriigeri, 160, 163 

BARKLEY, FRED A.: Noteworthy plants of 
Texas—V. Additional Psoraleae, 131 

BARRETT, MARY F.: Ficus tsjahela, 86. The 
case of the vanishing Ficus racemosa, 312 

Basidiobolus ranarum, 10, 11 

Batrachospermum orthostichum, 434 

Begonia evansiana, 113; yunnanensis, 113 

Berberis amurensis, 117; thunbergii, 117; 
vulgaris, 117; wilsonae, 129 

Betula lutea, 590; papyrifera minor, 205 

Bidens pinnata, 108 

Bischofia trifoliata, 125 
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fastuosa 


N 


138 


BHADURI Cytogenetics of Datura 


117 


Blastus pauci florus, 


Bocconea arborea, 461 

Bombardia lunata, 406, 407 

Bombar palmeri, 358, 361, 362 

Bornetella oligospora, 76, 78; sphaerica, 
76, 78 


Botanical literature, Index to, 96, 208, 327, 
$81, 
Botrytis allii, 342 


381, 5905 


Bouteloua eludens, 362 
Bouvardia bouvardioides, 360 
Brachelyma robustum, 165 
Brachythecium salebrosum, 164 


of taxonomic charac 
ters of, 244-281; key to eultivated spe 


Brassica, evaluation 


cies and varieties, 370: alba, 246, 266, 
_ ys TE oy Say alboglabra, 247, 270; 
arvensis, 246; campestris, 245, 247, 250, 
251, 257, 262, 266, 268, 269, 272-278 
372. 376: var. annua, 245: var. erecti 
s liquosa, 376: var. oleifera, 245, 253, 
259, 261, 267, 371, 372, 374; var. rapifera, 
ors 


245, 254, 259, 267, 374: carinata, 246, 


247, 250-253, 260-269, 271-278, 371, 373 
376; cernud, 245; chine nsts, 246 249, 
254, 260-262, 264-266, 269, 270,.273, 276, 


~- 9709 


278, 281, 370-372, 376; var. albiflora, 
259, 265, 37 var. angustifolia, 
259, 265, 374; var. communis, 257, 









265, 374; var. pandurata, 248, 250-254, 
257-259, 264, 265, 267-270, 3, 274, 


370-372, 374; var. pekinensis, 257-259, 
265, 273, 374; var. purpurea, 262; var. 


on7 


rosularis, 248, 262, 374; ja 


ponica, 247; juncea, 205, 245-248, 254, 


257, 259, 


256, 257, 262, 264-266, 271, 273, 276, 
277, 281, 371, 376; var. crispifolia, 
257, 374; var. gracilis, 253, 254, 256, 261, 
264, 265, 267, 269, 270, 272, 274, 276, 
278, 374; var. linearifolia, 248, 254, 256, 


257, 374; var. megarrhiza, 254, 265, 267, 
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multisecta, 


374; var. 256, 257, 374; var. 
oblanceolata, 256, 264, 265: var. ortho 
carpa, 248, 250, 251, 254, 264, 268, 276, 





371, 374; var. rugosa, 256, 257, 265, 267, 
278, 37 var, tsatsai, 254, 256, 374; var. 
tumida, 253, 265; napella, 247, 248, 250, 
251, 268, 269, 272-274, 276, 277, 278; 
napiformis, 262, 266, 275, 278; napo- 
brassica, 266, 272, 274, 275, 278; napus, 
205, 245-247, 250, 251, 260, 264-276, 278, 
37 376; var. annua, 245; var, napo 
brassica, 245, 254, 265, 267, 373; var. 
oleifera, 245, 253, 261, 267, 373; nari 
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nosa, 246: nipposinica, 246; nigra, 945~ 


> 266-269, 271-278 








247, 250-254, 260, 26 





37 372, 376; oleracea, 245-247, 253, 
254, 257, 259, 264-270, 273, 278, 37 

376; var. acephala, 245, 253, 257, 261, 
265, 267, 269, 274, 275, 278, 373: 
var. alboglabra, 265; var. annua, 245: 
var. botrytis, 373: var. capitata, 245, 
257, 265, 373; var. gemmifera, 245, 373: 
Val gong ylode s, 245, 253, 257, 259, 265, 
267, 373; var. italica, 373; var. rapa, 


var. sabauda, 945; 
248, 266; 


pe kinensis, 246- 


rapa, 245-247, 254, 257, 264, 


yr oro )" 
~oY, mia, 03/0, 


od 





266, 267 9 376 


Brosimum alicastrum, 359, 460, 461 
Brown, BABETTE I.: Lippia lanceolata and 
other unusual plants at Cross Lake, New 
York, 42 


Bruchia don ne lit. 


162 


164 4 capillare a 


157, 
Bryum argenteum, 157, 
BUELL, MURRAY F.: 

filled ‘‘Carolina bay,’’ 


158, 
164 
Jerome Bog, a peat 
94 
Bumelia cuneifolia, 293 

laxiflora, 358 


362 


Bursera arborea, 358, 457: 


Byrsonima CTaASS!1 folia, 


Cabi paraensts, 283 
Caesalpinia caladenia 358;  eriostachys, 
358; platyloba, 358; sepiaria, 128; 


sclerocarpa, 358 
Calathea aff, cyclophora, 461 
Calliandra gentryi, 460 
Callicarpa cana, 588 
CAMP, W. H.: On the use of 

in the preparation of 


Oar 
aoe 


artificial heat 
herbarium speci 

mens, 
Campylium chrysophyllum, 164 
Campylopus fragilis, 160, 163 
160, 163 


Campylotropis polyantha, 127 


; gracili- 


caulis, 


Caprificus aspera latifolia, 317 

Caragana chamlagu, 117 

Carex annectens, 204; scoparia, 204; stricta, 
204 

Carlton Clarence Curtis, 1864-1945, 


122 


103 
Carpinus turezaninovi, 
Caryophyllaceae, 326 
Case of the vanishing Ficus racemosa, 312 
Cassia biflora, 357, 358; emarginata, 358; 
tecomosuche, 357 

Castanea mollissima, 114, 128, 129 
Castanopsis concolor, 113; delavayi, 113 
Castilla, 545 

Catenaria anguillulae, 8 
macmillani, 162 


362 


Catherinaea 


Cathesticum, sp 





ind 
.ew 


164 
pat 


hys, 
OR . 


heat 


eC] 


icili- 


icta, 
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Caulerpa clavifera, 75, 77, 78; crassifolia, 
76, 78; freycinettii, 76, 78; laetivirens, 


76, 78; macrodisca, ‘ 





; 


, 78; peltata, 
78; var. macrodisca, 77; plumaris, 74, 
75, 78; racemosa var. clavifera, 74, 78; 


var. laetivirens, 75, 78: 


. + ge lago, 76, 78; 
serrulata, 76, 78; sertularioides, 74, 76 
78: taxifolia, 74, 78 


Caulophyllum thalictroides, 64, 590 


Cecropta, 545 

Cedrela sinensis, 118, 120, 128 

Ceiba acuminata, 361, 456, 460 

Celastrus articulatus, 121 

Celtis sinensis, 118, 127 

Centaurea nigra var. radiata, 589 

Chaetomorpha inflata, 74, 77; kellersii, 77 

Chamaecyparis thyoides, 28 

Chamaedaphne calyculata, 28 

Chamberlainia acuminata, 164 

Chauvinia clavifera, 74, 78 

Chelidonium majus, 64 

CHEYNEY, RALPH HOLT: Medicinal her 
baceous species in the northeastern 
United States, 60 

Chimophila umbellata, 62 

China, Erysiphaceae of, 108 

Chionanthus retusa, 116, 122 

Chlorophora tinctoria, 358 

Chlorophyceae, Philippine, 73 

Chrysophyllum, South American species of, 
286; acreanum, 289, 300; albipilum, 289, 
299; alnifolium, 310; ambelaniifolium, 
310; amplifolium, 308; aquaticum, 310; 
arenarium, 291, 309; argenteum, 289, 


297; aulacocarpum, 288, 291; auratum, 





289, 298: var. majus, 298; brasiliense, 
310: bumelioides, 310: buranhem, 310; 
caeruleum, 297: cainito, 288, 290, 305, 
311; cayennense, 310; cearense, 294; 
cochlearium, 290, 305; 


crotonoides, 310; 


mVa sy 


datum, 310; cysneiri, 294; dusenii, 290, 
300; ebenaceum, 303; var. latifoliwm, 


cuneifolium, 287, 288, 291, 292; cuspi 


303; var. longifolium, 303; var. ob- 
versum, 303; var. pedunculatum, 303; 
var, tomentosum, 303; elegans, 310; ex 
celsum, 288, 289, 291, 292; eximium, 310; 
ferrugineum, 306; fleruosum, 291, 310; 
gardneri, 310; glabrum, 297; glaucescens, 
310; glycyphloeum, 311; gonocarpum, 
289, 294, 304, 470; granatense, 290, 300; 
grisebachii, 302; gquilleminianum, 303; 
humboldtianum, 311; ilicioides, 302; 
immersum, 297; 


2 imperiale, 287, 289, 
295, 296; inophyllum, 311; inornatum, 


291, 309; januariense, 291, 307; klugiti, 
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311; Jlanceolatum, 309; leptocarpum, 
311; longifolium, 311; lucentifolium, 
290, 304; lucumifolium, 294; var. ob 
tusatum, 294: macoucou, 311: macro 
phyllum, 311; manglillo, 311; margi 
natum, 290, 301-304; var. marginatum, 
302; var. obversum, 302, 303; var. 
tomentosum, 302; martianum, 303; may 
tenoides, 302; q@ normale, 302; B tenue, 
302; var. myrtifolium, 302; melinoni, 
311; michino, 311; minutifolium, 311; 
; nitidwum, 289, 297; 
obtusifolium, 294; oleifolium, 311, 468; 
oppositum, 311; ovale, 290, 304; parvi 
florum, 311; parvulum, 289, 299, 300; 


myrtifolium, 302 


perfidum, 295; persicastrum, 294; pri 

eurti, 287, 288, 289; psilophyllum, 297; 

pulcherrimum, 291, 308; pumilum, 311; 

f. glabrescens, 311; pyriforme, 311; 

ramiflorum, 311; reticulatum, 311; revo 

lutum, 289, 296; rufocupreum, 311; 

rufum, 291, 306; var. acutifolium, 306; 
schomburgkianum, 311; sericeum, 298; 
sessiliforum, 311; sparsiforum, 291, 
307; var. fagifolium, 307, 308; splen 
dens, 291, 308; tomentosum, 306; ulei, 
311: viride, 289, 295 

Chusquea liebmanii, 360, 361 

Chytridium endogynum, 8; zooticum, 8 

Cimicifuga racemosa, 65 

Cinchona pitayensis, 61 

Cirriphyllum boscii, 158 

Cissus rhombifolia, 456 

Cladonia cristatella, 92; floridana, 592; 
grayti, 92 

Cladophora mauritiana, 75, 77; pellucida, 
74, 77 

Cladophoropsis sundanensis, 76, 77 

Clasmatodon parvulus, 158, 165 

CLAUSEN, RoBert T.: 
an invalid name, 572. Najas arguta in 


Dalea emphysodes, 


Central America and its relationship to 
N. wrightiana, 363. A review of the 
status of several American species of 
Dalea, 80 

Clethra alnifolia, 28 

Climacium kindbergii, 158, 164 

Cnidoscolus angustidens, 461 

Cochlospermum vitifolium, 357-359, 456 

Codium adhaerens, 75, 78; dichotomum, 
74, 78; difforme, 76, 78; elongatum, 76, 
78: ovale, 76, 78 
tosum, 74-76, 78 

Colchicine, effect of on plant tissue, 34-59, 
167 


Colchicum autumnale, 63 


: tenue, 76, 78; tomen 
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Combretum farinosum, 358 
Compound leaf with annual increments of 
growth, 542 


io: setosa, 73, i4 


~ 


‘onferva littoralis, 


~ 


‘onidiobolus brefeldianus, 10, 11 


onvallaria ma jalis, 62, 63 


~ 


Conzattia sericea, 358 


— 


optis trifolia, 65 


~ 


‘ordia alliodora, 358 


=~ 


‘ornus disciflora, 458: exrcelsa, 455, 458: 
stolonifera, 205 

orydalis montana, 461 

orylus heterophylla, 114 

‘osmos bipinnata, 108 

‘otinus coggyria, 122 


‘ox tarea latiflora, 358 


~—~_ sr. eA A 


ovellea glomerata, 323; mollis, 319, 323; 


racemosa, 323; 


venosa, YU 


lll: submollis, 205 


~ 


rataegus scabrifolia, 


~ 


rataeva palmeri, 358 

‘RONQUIST, ARTHUR: Studies in the Sapota 
V. The South American species of 
Chrysophyllum, 286; VI, 
notes, 465 


rotallaria mollicula, 459 


ceae 


Miscellaneous 


‘'roton, 545; fragilis, 358 
‘ryphaea glomerata, 158, 159, 165 
“uncurbita pepo, 108 

‘udrania tricuspidata, 120 
‘upania fulvida, 544; glabra, 461 


‘uphea procumbens, 457 


~~ em ee Oe A 


‘urious fungus on Opuntia, 219 

Curtis, Carlton Clarence, 103; bibliography, 
106, 107 

Cuseuta, A new species of, 570; californica, 

571: columbiana, 570, 571; deltoides, 

571; gracillima, 571: saccharata, 

570, 571; serrulata, 571 


570, 


serruloba, 571 


~ 


; 
‘yclophorus adnascens, 588; lanceolatus, 


588 


~ 


‘ypripedium hirsutum, 65; parviflorum, 
65; pubescens, 65 

Cyrilla racemiflora, 26, 29 

Cystodictyon leclancherii, 75, 77 

Cytogenetics of Datura fastuosa L., 438 

Emilia 


Cytogeography of Cass. in the 


Americas, 108 


Dalbergia sissoo, 127 

Dalea, Several American species of, 80; 
carthaginensis, 572; subsp. domingensis, 
572; subsp. thyrsiflora, 572; subsp. 
typica, 572; 80-85, 572; 
var. paucifolia, 85; emphysodes, 84, 85, 
572; an invalid name, 

domingensis, 85, 572; subsp. emphysodes, 


domingensis, 


572; 


subsp. 


THE 


TORREY CLUB [VoL. 73 


85, 572: thyrsiflora, 85, 572; 
floridana, 80 
microphylla, 84; 
scandens, 83, 84; thyrsiflora, 82, 85, 5 
trichocalyx, 84, 572; 


subsp. 
enneaphylla, 85; : humilis, 


82-85; inconspicua, 83; 





vulneraria, 84 
Dasturella grewiae, 347, 348 
Datura arborescens, 438; fastuosa, 438- 
449; cytogenetics of, 438; var. alba, 439 
441-449: stramonium, 62 
$42, 446-448 


Delacroixia coronata, 10, 11 


63, 438, 439. 


Delphinium ajacis, 65; var. alba, 65 
Dentaria diphylla, 590 
Dermonema dichotomum, 431; 


$31; gracile, 431 
Dicentra canadensis, 65: 


frapperi, 


cucullaria, 65 
Dichonema erectum, 74, 78 
160, 163: heter 


hilariana, 160, 163; 


Dicranella herminieri, 
omalla, 92, 163: 
raria, 163 

condensatum, 163 
Th 


5, 77; favulosa, 


; 


Dicranum bonjeant, 92; 

Dictyosphaeria cavernosa, 
75, 77 

Digitalis purpurea, 61, 62 

Diospyros kaki, 128; lotus, 128 

Diploén, 466; cuspidatum, 466, 467 

Dipterodendron elegans, 544 

Ditrichum pallidum, 162; pusillum, 92 

Dopeér, B. O.: A curious fungus on Opuntia, 
219. Self-sterility in ‘‘bisexual’’ hetero 
caryons of Ne urospora, 410 

Dodonea viscosa, 362 

DRECHSLER, CHARLES: 


ing phycomycete forming immotile spores 


A nematode-destroy 


in aerial evacuation tubes, 1, A species 
of Harposporium invading its nematode 
host from the stoma, 557 

Drosera anglica, 65; longifolia, 66; ro 
tundifolia, 66 

Dryopteris filixz-mas, 66; intermedia var. 

concordiana, 594; marginalis, 66 

188-192 ; 


192; var. 


Dubautia plantaginea, 
gustifolia, 191, 


188-192 var. 


Vas 


var. an 
chamissonis, 
glandulosa, 192; var. 
pauoaensis, 192, 193; var. strigosa, 192, 
193; var. typica, 188 


Dumontia calvadosii, 430 


Ecclinusa eximia, 310; klugii, 311; oppo- 
sita, 311; pumila, 311; ramiflora, 311; 
rufocuprea, 311; ulei, 311 

Eccrinia longa, 12, 13; moniliformis, 12 

Effect of colchicine and acenaphthene in 
combination with X-rays on 
sue—IT, 34; III, 167 


plant tis 





63 
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Embryological formulas in plant taxonomy, 
35] 

Emilia, cytogeography of, 18; 
18-23; sonchifolia, 18-23 


Enterobryus attenuatus, 12; compressus, 


coccinea, 


13; elegans, 12, 13; spiralis, 12, 13 

Enteromorpha crinita, 76, 77; fleruosa, 76, 
77; intestinalis, 74, 76, 77; lingulata, 
77; prolifera, 76, 77 

Entodon drummondii, 158, 164; seductriz, 
159, 164 

Ephemerum megalosporum, 163; serratum, 
163 

Equisetum arvense, 219 

Erigeron canadensis, 66 

Erpodium biseriatum, 162 

Erysiphaceae of China, Further studies on, 
108 

Erysiphe cichoracearum, 108, 109, 111, 112, 
128; fuliginea, 112; graminis, 112; 
humuli, 108; japonica, 126; koelreuteriae, 
125; lamprocarpa, 111, 112; plantaginis, 
111, 112; polygoni, 113; var. epimedii, 
113, 116; tabaci, 111, 112 

Erythea aculeata, 361 

Erythrina montana, 459 

Eupatorium perfoliatum, 66; purpureum, 
66; var. maculatum, 66 

Euphorbia aff. tresmariae, 358, 359; multi 
formis, 185; remyi, 185 

Eurhynchium hians, 164; rappii, 164; se) 
rulatum, 164: strigosum, 92 

Evaluation of taxonomic characters of 
cultivated Brassica with a key to species 
and varieties—I. The characters, 244; 
Il. The key, 370 


Eysenhardtia reticulata, 468 


Fabronia ravenelii, 165 

Fagus japonica, 12] 

FASSETT, NORMAN C.: Glyceria pallida and 
G. fernaldii, 463 

Fibrocentrum glaziovianum, 295 

Ficus subg. Neomorphe, 318, 319; bengal 
ensis, 89; carica, 312; caudiciflora, 320, 
323; caulobotrya, 86; chittagonga, 323; 
cunea, 314; descaineana, 314; frangulina, 
317; garciae, 317; geniculata, 87, 89, 90; 
glomerata, 312-323; var. chittagonga, 

318, 319; var. elongata, 319, 320; var. 

goolereea, 319, 323; var. miquelii, 319, 

323; var, mollis, 319, 320, 323; qoolereea, 

319; indica, 86, 89; infectoria, 86-90; 

lacor, 87-90: lanceolata, 320: leucan 

tatoma, 88, 89; leucatoma, 88; lucescens, 

aoe 


320, 323: minahassee, 317: mollis, 323: 
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racemosa, 312-322; case of the vanish 


ing, 312; var. elongata, 322, 323; var. 
mollis, 322, 323; var. typica, 322, 323; 
var. vesca, 322, 323; rigida, 90; saemo- 
carpa, 317; surattensis, 86; var. mala 
barica, 86; trematocarpa, 314; tricho- 


299 


carpa, 321, 323; tsjahela, 86-90; varie- 


gata, 317; venosa, 86, 88-90; vesca, 320, 
323 

Field trip reports, 378, 379, 590-594 

Firmiana simplex, 118 

Fissidens adiantoides, 162: bushii, 162: 
minutulus, 162; osmundioides, 162; pel 
lucidus, 162; polypodioides, 160, 162; 
ravenelii, 162; subbasilaris, 162; sub 
crenatus, 157, 162: viridulus, 162 

Fontinalis dalecarlica, 165; disticha, 165; 
sullivanti, 158, 165 

Forsstroemia trichomitria, 158, 165; var. 
immersa, 165 

Fouquieria macdougali, 362 

Fraxinus chinensis, 129 

73: edulis, 7: 


Fucus denticulatus, ; gula 


man, 73; natans, 73; proliferus, 73 

Funaria flavicans, 163; hygrome trica, 163: 
serrata, 163 

Fungicides, physiological and biochemical 
basis for research on, 339 

Further consideration of glandular leaf 
hairs of tobacco and of their significance, 
224 

Further studies on the Erysiphaceae of 
China, 108 


Fusarium oxysporum f. lycopersict, 341, 343 


Garrya laurifolia, 358, 360 

Gaultheria procumbens, 66 

GENTRY, HowArpD Scorr: Anomalosicyos, 
a new genus in Cucurbitaceae, 565. Notes 
on the vegetation of Sierra Surotato in 
northern Sinaloa, 451. Sierra Taeuicha 
mona—a Sinaloa plant locale, 356 

Geranium maculatum, 66 

GILBERT, WILLIAM J.: Studies on Philip 
pine Chlorophyceae—II. Survey of litera 
ture and list of recorded species prior 
to 1940, 73 

Gilia aggregata group, 194; aggregata, 
194-197, 199, 201, 202; subsp. euaggre 
gata, 198, 200-202; f. pulchella, 199, 
201; subsp. formosissima, 196, 198, 201, 
202; f. aurea, 196, 201, 202; f. maculata, 
199, 201; arizonica, 196, 197, 200-202; 
attenuata, 195, 196, 198, 201, 202; f. 
helleri, 198, 201; f. ventrensis, 200-202; 
bridgesii, 197, 201, 202; candida, 195, 
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197, 200-202; f. leucantha, 198, 201; f. 
scariosa, 199, 200: candida collina, 197, 
201; candida vera, 197, 200-202; collina, 
LOS: rubra, 202: tenuituba, 195, 199, 201, 
202; f. macrosiphon, 199, 201, 202; f. 
utahensis, 200, 202; f. violacea, 200; 
texrana, 195, 197, 198, 200-202; f. flavida, 
198, 201, 202 

Glomerella cingulata, 343 

Glyceria fernaldii, 463, 464; neogaea, 463; 
pallida, 463, 464; var. fernaldii, 463: 
stricta, 463 

Gonimochaete, 14; horridula, 3, 4, 15 

Gordonia lasianthus, 29 

7 


Gossypium arboreum, 372; barbadense, 


» 


2: herbaceum, 372: hirsutum, 372 


3 
GOTTLIEB, Davip: A physiological and bio 
chemical basis for research on fungicides, 
339 
Grewia caffrae, 346: monticola, 346—348 
Grossularia domestica, 314-316 
Guarea rhopalocarpa, 542-546 


Guasuma ulmifolia, 358 


Haematoxylon brasiletto, 358 


Halicoryne wrightii, 75, 78 


Halimeda cuneata, 74, 75, 78: 


discoidea, 


73, 74, 78: gracilis, 75, 78: macroloba, 


r 
73, 75, 76, 78; opuntia, 74-76, 78; tuna, 
7 


5, 78; 


f. platydisca, 73 
Haplohymenium triste, 157, 160, 161, 164 
-Haptoglossa heterospora, 8 
Harposporium anguillulae, 1, 557, 559, 561; 


bysmatosporum, 558; diceraeum, 559, 


563; helicoides, 557; oxycoracum, 559 


Hartmannia speciosa, 589 


Hedeoma pule gioides, 63, 67 

Helianthus annuus, 112 

Helminthocladia calvadosii, 430, 433; di- 
varicata, 430, 431, 433: hudsoni, 434: 
papenfussii, 430, 4533; purpurea, 433 

Hemerocallis, types of anthesis in, 134-154 

Herbarium specimens, artificial heat in the 
preparation of, 235-243 

Heterocaryosis, mating-type factors, and 
sexual reproduction in Neurospora, 397 

Heterophyllium haldanianum, 92 

Hibiscus mutabilis, 108; syriacus, 108 

Homalotheciella fabrofolia, 158, 165; sub 
capillata, 164 

Hordeum vulgare, 113, 559, 564 


, 


9 —os 


Hydrastis canadensis, 67 
3, 225 


Hyoscyamus niger, 62, ¢ 

Hypericum perfoliatum, 67 

Hypnum cupressiforme, 164; patientiae, 
164; pratense, 164 


=o 
io 


Hypomyces solani f. cucurbitae, 406, 407 

Hypoxylon punctatum, 594 

llex glabra, 29; laevigata, 29; lucida, 29: 
verticillata, 205 

Impatiens balsamina, 108 

Imperatoria ostruthium, 588 

Index to American botanical literature, 96, 
208, 327, 381, 481, 595 

Inga eriocarpa, 460 

Inula helenium, 67 

Ipomoea arborescens, 358; var. pachylutea, 
456, 460; decasperma, 459; hederacea, 


Oo 


“= 


I pomopsis rubra, 202 
Tris ve rsicolor, 67 


Itea virginica, 29 


Jacaranda copaia, 545 

Jatropha gossypifolia, 588 

Jerome Bog, a peat-filled ‘‘Carolina bay,’’ 
94 

Juglans major, 460 


” 


Julus marginatus, 1 

Juncus effusus, 204; tenuis, 204 

Just, THEODORE: The use of embryological 
formulas in plant taxonomy, 351 

Justicia salviaeflora, 360 


Kalmia angustifolia, 29; latifolia, 205 
Klaprothea mentzelioides, 461 


Koelreuteria bipinnata, 125, 126 


Lactuca debilis, 111; stolonifera, 589 

Lagerstroemia indica, 129 

Lantana horrida, 358: velutina, 357, 358 

Lathyrus leucanthus, 461; palustris, 113 

Leersia virginica, 203 

Lemaireocereus montanus, 457 

Lemna minor, 93 

Lenzites betulina, 406, 407 

Leonurus sibirica, 111 

Leptodictyon riparium, 164 

Leskea australis, 164 

Leucas ciliata, 129; javanica, 111 

Leucobryum albidum, 163; glaucum, 163 

Leucodon julaceus, 158 

Leveillula taurica, 125, 128 

LEVINE, MICHAEL: The effect of colchicine 
and acenaphthene in combination with 
X-rays on plant tissue—II, 34; III, 167 

Liagora farinosa, 431; lubrica, 420; vis- 
cida, 433 

Ligustrum lucidum, 129 

Lindera megaphylla, 117 

Lippia lanceolata and other unusual plants 
at Cross Lake, New York, 92 


ne 
ith 


67 
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Literature, Index to American botanical, 
96, 208, 327, 381, 481, 595 

Lithocarpus dealbata, 109 

Lobelia inflata, 67 

Lucuma pallida, 467 


—~ 


sycium chinense, 129 


sycopersicum esculentum, 129, 499, 535 


I 

Lycopodium clavatum, 67 

Lyonia ligustrina var. foliosifiora, 29 
I 


.ysiloma divaricatum, 358: watsoni, 358 
459 


Luthrum salicaria, 92 


; 


Vacrosporium sarcinae forme m 343 

Magnolia schiedeana, 458, 460; virginiana, 
29 

MAGUIRE, BASSETT: Studies in the Cary- 
ophyllaceae—I, 326 

MAHER, SISTER MARIA LAURENCE; The role 
of certain environmental factors in 
growth and reproduction of Protosiphon 
botryoides Klebs—I. Races, strains and 
clones, 573 

Malus spectabilis, 111 

Malva neglecta, 67; rotundifolia, 67; verti 
cillata, 129 

Vanilkara emarginata, 467; subsp. haiten 
sis, 467; jaimiqui subsp. emarginata, 
467; subsp. haitensis, 467; subsp. jaimi- 
qui, 467; subsp. wrightiana, 467 

Maranta arundinacea, 461 

MARTIN, JAMES S.: Notes on Trifolium, 
366 

Vatricaria chamomila, 67 

MATZKE, Epwin_ B.: Carlton Clarence 
Curtis, 1864-1945, 103 

Mazus reptans, 589 

Medicago sativa, 129 

Medicinal herbaceous species in the north- 
eastern United States, 60 

Mentha piperita, 68: spicata, 68 

Menyanthes trifoliata, 68 

Meristacium asterospermum, 10, 11 

METZNER, JEROME | Review], 378 

Microdictyon clathratum, 75, 77 

Micropholis guyanensis, 311 

Microsphaera alni, 114, 115; var. dentatae, 
115; var. ludens, 118; alni calocla 
dophora, 115; benzoinis, 117, 119; ber- 
beridicola, 115, 116; berberidis, 117; 
blasti, 117, 119: bidentis, 115; decaisneae, 
115; divaricata, 115, 117; euphorbiae, 
118; grossulariae, 115, 117; lonicerae, 
115; robiniae, 118, 119; sophorae, 115, 
117; umbilici, 118: van-bruntiana, 115 

Mimosa palmeri, 358, 362 _ 
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Mimulus verbenaceus, 461 

Mimusops jaimiqui, 467; wrightiana, 467 

Minutes of meetings of the Club, 93-95, 
207, 379, 380, 472-478 

Mirabilis jalapa, 129 

Mitchella repens, 68 

Mittenothamnium diminutivum, 15 
164 

Mnium affine, 92, 164; cuspidatum, 92 

MOLDENKE, HaAroup N.: Another station 
for Lactuca stolonifera, 589. New and 
interesting plant records, 588 

Momordica charantia, 109, 129 

MONACHINO, JOSEPH [| Review], 205-207 

Montanoa patens, 360; sp., 358 

Morus alba, 128; australis, 128 

Mosses of Georgia—II. The coastal plain, 
155 

MUENSCHER, W. C.: Lippia lanceolata and 
other unusual plants at Cross Lake, New 
York, 92 

Muhlenbergia emersleyi, 361; gracilis, 361; 
rigida, 459 


7, 160, 


Myrica cerifera, 29 

Myrsine grisebachii, 302; marginata, 302; 
manglilla, 311; schomburgkiana, 468 

Myzocytum vermicolum, 8 


Naias multidentata, 365 

Najas arguta, 363, 364; its relationship to 
N. wrightiana, 363; guadalupensis, 364; 
minor, 93; multidentata, 365; wrightiana 
subsp. multidentata, 365; subsp. wrighti- 
ana, 363-365 

Nasturtium officinale, 516 

NAYLOR, ERNST E.: Minutes of meeting of 
the Club, 475 

Nemalion multifidum, 430, 433; ramulosum, 
420 

Nematode-destroying phycomycete forming 
immotile spores in aerial evacuation 
tubes, 1 

Nepeta cataria, 68 

Neurospora, heterocaryosis, mating-type 
factors, and sexual reproduction, 397; 
self-sterility in ‘‘bisexual’’ heterocary 
ons, 410; crassa, 397-408, 410; sitophila, 
401, 404, 405, 410-416; tetrasperma, 
397-408, 410 

New and interesting plant records, 588 

News notes, 379, 478-480, 594 

Nicotiana tabacum, 111 

Nomenclatural notes and a new species of 
Cuscuta, 570 

Notes on the grasses, sedges and rushes of 
the Great Swamp (New Jersey), 203 
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Notes on the mosses and lichens of the 
Great Swamp (New Jersey), 91 

Notes on the vegetation of Sierra Surotato 
in northern Sinaloa, 451 

Notes on three South Afriean rusts, 546 

Notes on Trifolium, 366 

Noteworthy plants of Texas—V. Additional 
Psoraleae, 131 

Vycterisition argenteum, 300; ferrugineum, 
306 


Vyssa biflora, 29 


Oenothera lamarckiana, 499, 516 
Oidium, 129 
On the use of artificial heat in the prepara 


oor 
od 


tion of herbarium specimens, 

Opuntia, A eurious fungus on, 219; am 
mophila, 219-223 

Oreopanax peltatum, 460 

Origin of the microsporangium of Pseudo 
tsuga, 547 

Ostrya virginiana, 458, 460, 461 


Ovalis corniculata, 130 


Oxythece ambelaniifolia, 310; fabrilis, 
467; ferreirii, 468; glaucescens, 310; 


hahnianum, 467: 


leptocarpa, 311; pal- 
lida, 467; schomburgkiana, 468 


Pachycereus pecten-aboriginum, 359 
Panar pseudo-ginseng, 130; quinquefolium, 
68 
Panicum agrostoides, 92, 93; dichotomum, 
203; lindheimeri var. fasciculatum, 204; 
microcarpon, 203 
Papaver somniferum, 454 
PAPENFUSS, GEORGE F.: Proposed names 
Structure 
and reproduction of Trichogloea requi 


for the phyla of algae, 217. 


enti, with a comparison of the genera of 
Helminthocladiaceae, 419 
Parataeniella intermedia, 13 
Parosela carthaginensis, 572; domingensis, 
' 


80-85; emphysodes, 85; enneandra, 133; 


floridana, 80-85; humilis, 85;  lasi 
anthera, 133; pogonathera, 133; 
flora, 84, 85; walkerae, 133 


Paspalum plicatum, 457 


thyrsi 


Paulownia tomentosa, 118, 128 
Pedilanthus rubescens, 358 
Pella ribesioides, 86, 88 
Peronospora tabacina, 417, 418 
Persea pubescens, 29, 32 
Persicaria longiseta, 588; tomentosa, 588 
Perymenium stenophyllum, 460 
Phaeopsis montana, 186 

Phakopsora grewiae, 347, 348 
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Phenax hirtus, 359 
Philonotis glaucescens, 164; longiseta, 164 
Phycomyces blakesleeanus, 478 
Phycomycete, nematode-destroying, | 
Phyllactinia corylea, 121, 125, 126, 128, 
129; var. subspiralis, 126, 127; 
alis, 129: salmonii, 128, 129: 
126, 127 


Phyllostegia glabra, 186; 


int pe ri 


subspiralis, 


yamaguchii, 186 

Physcomitrium turbinatum, 163 

Physiological and biochemical basis fo 
research on fungicides, 339 

Picea canadensis, 205 

Picramnia antidesma, 460 

Picrasma quassioides, 114 

nitida, 29 

458: lumholtzti, 


macrophylla, 458; oocarpa, 458; 


Pieris mariana, 29; 


Pinus ayacahuita, 458: 

palus 

tris, 25: pse udostrobus, 458: serotina, 
28: strobus, 205 

Pisonia capitata, 358 

Pisum sativum, 113 


Pithecolobium sonorae, 358: tortum, 358 
Plagiothecium ge ophilum, 164: 
164 


Plantago major, 111, 112 


micans, 158, 


Platanus racemosa, 460, 461 
160, 161 
Plectranthus eriocalyx, 113 


Platygyrium repens, 157, 


Plectus parvus, 563 
Pleuridium ravenelii, 162: 


592 


subulatum. 162. 


Plumeria rubra, 359, 361 

Poa compressa, 203 

Podophyllum peltatum, 68 

Podosphaera leucotricha, 111: 
111; tridactyla, 111 

Pogonatum brachyphyllum, 158, 162 


od yacanthae " 


>; pen 
silvanicum, 162 

Pohlia nutans, 92 

Polygala senega, 68 

Polygonum nodosum, 113 

Polyphysa spicata, 75, 78 

Polypodium 
594 


Polytrichum commune, 92, 157, 162; pili 


virginianum tf. cambricoides, 


Serum, 92 

Populus simonii, 114, 120 

310; 
310; engleri, 310; gardneri, 310; inflexa, 
470; macrophylla, 311; minutiflora, 311; 
obscura, 470; pallida, 467; reticulata, 
311; subsessilifolia, 468, 469; trilocu- 
laris, 469 

Pradosia glycyphloea, 311, 470, 471; in 
ophylla, 311; 310: mutisii, 
470; .schomburgkiana, 311 


Pouteria cayennensis, crotonoides, 


lactescens, 


EN — 
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Principia utilis, 128 
Proceedings of the Club, 93, 207, 379, 380, 
72-477 

Proposed names for the phyla of algae, 217 

Protaseus subuliformis, 9 

Protosiphon botryoides, environmental fac 
tors in growth and reproduction of, 573-— 
587 

P une lla vulgaris, 460 

Prunus cortopico, 360; persica, 111 

P se udotsuga, origin of the microspo 
rangium of, 547-556 

Psidium molle, 362: sartorianum, 358 

Psittacanthus macrantherus, 461 

Psoralea carthaginensis, 572; emphysodes, 
84, 85, 572: humilis, 84, 85; 


84; phymatodes, 84, 85; scandens, 83 


occidentalis, 


Psoraleae of Texas, 131 
Psoralidium floribundum, 132; _ lineari 


dm sy 


folium, 132; var. palodurense, 132; var. 
texense, 132: obtusilobum, 132: tenui- 
forum, 132; youngiae, 131 

Pteridium latiusculum, 28 

Pterocarya stenoptera, 128 

Ptychomitrium drummondii, 158, 163: in 
curvum, 163 

Pueraria yunnanensis, 119, 127 

Pyrus pasha, 128; serotina, 128 

Pythium arrhenomanes, 559; ultimum, 1: 


undulatum, 1 


Quercus albocincta, 362, 460; acutissima, 
114: alienta, 128: baroni, 126: candi 
cans, 458: catesbaei, 25: chihuahuensis, 
362, 460; delavayi, 109; durifolia, 458; 
endlichiana, 458; epileuca, 458; fabri, 
114, 121; gentryi, 458; glauca, 110; pal 
lescens, 458; pennivenia, 458; schottky 


ana, 113: tuberculata, 460 


Ranunculus ficaria, 590 
Rapp, JANET L. C Notes on the grasses, 
sedges and rushes of the Great Swamp 
New Jersey), 203. Notes on the mosses 
and lichens of the Great Swamp (New 
Jersey »), 91 
Rapp, WILLIAM F.: 
sedges and rushes of the Great Swamp 


Notes on the grasses, 


(New Jersey), 293. Notes on the mosses 
and lichens of the Great Swamp (New 
Jersey », 91 

Ravenelia atrides, 346; bottomleyae, 348 

Reinwardtia triqgyne, 128 

Remarks upon certain Hawaiian Labiatae 
and Compositae, 184 


Remijia pe dunculata, 61 
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Review of the status of several American 
species of Dalea, 80 

Reviews: 
A eatalogue of Illinois algae, 378 
Plantas medicinales, aromaticas o vene 

nosas de Cuba, 205-207 

Turtex microscopy booklet, 480 

Rhabditis, 557-564 

RicKETT, H. W.: Editorial note, 91 

Raphanistrum inocuum var. album, 589 

Rhizogonum spiniforme, 160, 164 

Rhododendrum carolinianum, 205; magi 
mum, 205 

Rhoicissus cristata, 349; holwayi, 349; 
rhomboidea, 349 

Rhus allophylloides, 459 

Rhynchostegiella georgiana, 162, 164 

Ricinus communis, 545 

Robinia pseudo-acacia, 118, 130 

Role of certain environmental factors in 
growth and reproduction of Protosiphon 
botryoides Kliebs—I. Races, strains and 
clones, 573 

Rosa canina, 68; centifolia, 109; multiflora, 
109; rugosa, 109 

Rubia oncotrica, 130 

Rubus allegheniensis, 69; canadensis, 69; 
idaeus, 69: var. aculeatissimus, 69: occi 
dentalis, 69; strigosus, 69 

Rumex crispus, 69; obtusifolius, 69 

Rusts, South African, 346 


Sabal rosei, 361 

St. JOHN, HAROLD: Tinian plants collected 
by R. S. Cowan, 588 

Salix wallichiana, 120 


> 


Salvia officinalis, 62, 63 

Sambucus adnata, 113; chinensis, 117; 
japonica, 117; racemosa, 590 

Sanguinaria canadensis, 69 

SANSOME, Eva RICHARDSON: Heterocary 
osis, mating-type factors, and sexual 
reproduction in Neurospora, 397 

Sarracenia purpurea, 28 

Sapota gonocarpa, 294 

Sapotaceae, studies in,—V, 286; VI, 465 

Sarcaulus brasiliensis, 310, 311 

Saxifraga virginiensis, 590 

Schlotheimia sullivantii, 158, 163 

SCHORNHERST, Ruts O.: The mosses of 
Georgia—I1. The coastal plain, 155 

Schwetschkeopsis denticulata, 158, 165 

Sciaromium lescurii, 158, 164 

Scirpus americanus, 92; atrovirens, 204 

Sclerotinia fructicola, 340, 343 
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Sedum pulchellum, physiological and mor 
phological comparison of diploid, tetra 
ploid, and hexaploid races, 495 

Self-sterility in ‘‘ bisexual’’ heterocaryons 
of Neurospora, 410 

Ne matophyllum adnatum, 164 

Senecio aureus, 69, 592 


Sequoia sempervirens, 479 


Sesamum indicum, 

SHARMA, A, K.: Cytogenetics of Datura 
fastuosa L., 438 

SHERFF, EARL EDWARD: Remarks upon cer 
tain Hawaiian Labiatae and Compositae, 
184 

Sicyos andreanus, 569: fusiformis, 569: 
macrocarpus, 569; martii, 569; palma 
tilobus, 569; quinquelobatus, 569 

Sideroxylon bolivianum, 294, 470: reticu 
latum, 294 

Siegesbeckia orientalis, 130 

Sierra Surotato, vegetation of, 451 

Sierra Tacuichamona—a _ Sinaloa plant 
locale, 356 

Sinapis alba, 245, 246, 248, 250-253, 261, 
262, 266-269, 271-277, 371, 376 

Simarouba amara, 544 

SISTER MARIA LAURENCE MAHER: The role 
of certain environmental factors. in 
growth and reproduction of Protosiphon 
botryoides Klebs—I. Races, strains and 
clones, 573 

Sisyrinchium arizonicum, 460 

Skierka robusta, 349 

SKUTCH, ALEXANDER F.: A compound leaf 
with annual increments of growth, 542 

Sloanea emarginata, 467 

Smilax laurifolia, 28, 29 

SMITH, HARRIET E.: Sedum pulchellum: a 
physiological and morphological compari 
son of diploid, tetraploid, and hexaploid 
races, 495 

Solanum amazonium, 358: dulcamara, 69: 
lycopersicum, 499, 535; nigrum, 499 

Solmsiella biserrata, 162, 163 

Sonchus arvensis, 111, 112; oleracea, 130 

Sophora japonica, 121, 130; viciifolia, 130 

Spathodea campanulata, 544 

Species of Harposporium invading its 
nematode host from the stoma, 557 

Sphaerotheca fuliginea, 108-110; humuli, 
109, 110; lanestris, 109, 111, 116; pan 
nosa, 109, 110; wrightii, 110, 111 

Sphagnum cuspidatum, 165; cyclophyllum, 
165; henryense, 158, 165; macrophyllum, 


158, 165; magellanicum, 165; palustre, 


165; portoricense, 158, 165: recurvum, 
165: strictum, 165: subsecundum, 165 

Spiraea ulmaria, 230 

Spondias lutea, 545 

Sporangial propagation of blue mold fun 
gus on aseptically grown tobacco seed 
lings, 417 

Spumula bottomleyae, 347; clemensiae, 
349; quadrifida, 349 

STEINBERG, ROBERT A.: Sporangial propa 
gation of blue mold fungus on aseptically 
grown tobaceo seedlings, 417 

Stenogyne kaalae, 186; var. coriacea, 186; 
mollis, 185, 186; rugosa, 185-188; var. 
mollis, 185: var. subulata, 186—188: 
sherffiii, 186 

Stereocaulon pileatum, 594 

Strout, A. B.: Types of anthesis in Hemero 
callis and their heredity in F, hybrids, 
134 

Streptosonum agile, 13 

Structure and reproduction of Trichogloea 
requienii, with a comparison of the 
genera of Helminthocladiaceae, 419 

Studies in the Caryophyllaceae—lI, 326 

Studies in the Sapotaceae—V, 286; VI, 465 

Studies on Philippine Chlorophyceae—I]I, 
io 

Styraxr argenteus, 458, 461 

Sun, Von GEE: Evaluation of taxonomic 
characters of cultivated Brassica with a 
key to species and varieties—lI. The char 
acters, 244; II, The key, 370 

Symplocarpus foetidus, 69 

Syrrhopodon floridanus, 163 ; ligulatus, 157, 
159, 160, 163; teranus, 158, 163 

Syzygiopsis oppositifolia, 471; sericea, 471 


Tabebuia chrysantha, 358; palmeri, 357, 
362 

Tal, F. L.: Further studies on the Ery 
siphaceae of China, 108 

Taraxacum officinale, 70, 528; orientale 
108 


Taxonomy, embryological formulas in, 351 

Tetraplodon pensylvanicus, 158, 159, 163 

Thalictrum delavayi, 113; reticulatum, 113 

THARP, B. C.: Noteworthy plants of 
Texas—V. Additional Psoraleae, 131 

Thelastosomum attenuatum, 13 

Thelia asprella, 164; hirtella, 158, 164 

THIRUMALACHAR, M. J.: Notes on three 
South African rusts, 346 

Thuidium delicatulum, 165; microphyllum, 
165 
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Thymus serpyllum, 70 
Tillandsia inflata, 455 
Tinian plants collected by R. 8. Cowan, 5 
Tobacco, glandular leaf hairs of, 224-233 
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Torreya, 91, 203, 378, 472, 588 


fms, 

Torreya tarifolia, 552 

Tortella humilis, 163 

Tortula pagorum, 160, 163 

Tradescantia canaliculata, 499: occidenta 
lis, 499 

Tretopileus opuntiae, 219-223 

Trichoderma viride, 342 

Trichogloea lubrica, 419, 420, 422, 423; 
requienii, 419-436; structure and repro 
duction of, 419; subnuda, 419, 420, 422, 
23, 425, 427-430, 433 

Trifolium, notes on, 366; gymnocarpon, 
366-368; var. gymnocarpon, 366, 367; 
£. plu mmerae, 368: var. plummerae, 366— 
368; var. subcaulescens, 366: lemmoni, 
366; plummerae, 366, 368; plumosum, 
367, 368; var. amplifolium, 368, 369; 
var. plumosum, 368; pratense, 70 

Trillium erectum, 70 

Triodia flava, 203 

Tripsacum dactyloides, 594; lanceolatum, 
361 

Triticum aestivum, 113 

Triumfetta chihuahuensis, 459, 460 

Tropaeolum majus, 128 

Tsuga canadensis, 205; carolinianum, 205 

Turpinia occidentalis, 545 

Tussilago farfara, 70 

Types of anthesis in Hemerocallis and their 
heredity in F, hybrids, 134 p 

Typhulochaeta japonica, 125,126; koelreu- 
teriana, 125 


Udotea argentea var. spumosa, 76; flabel 
6, 78: 


lum, 76, 78: orientalis, 7 


74, 78 


sordida, 


Ulmus pumila, 118 
Ulva compressa, 73; lactuca, 76, 77; intesti 


nalis, 73, 77; reticulata, 73-77: umbili 
73 


calis, 


Uncinula acalyphae, 116, 123, 124; aceris, 


Or 


124; australiana, 125, 129; bulbosa, 125; 


clandestina, 124: clintonti, 118, 125; 


carpinicola, 122, 123; cedrelae, 120; 


curvispora, 121; delavayi, 118-120, 125, 
130; var. cedrelae, 119, 125; var. nodu- 
losae, 120, 125: ehretiae, 123, 125; 
fraxini, 124; geniculata, 122; kenjiana, 
118, 124: koelreuteriae, 121, 125, 126, 


130; mandshurica, 120, 121; miyabei, 
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120, 125; var. alewritis, 125: mori, 125: 
nankinensis, 124; necator, 124; poly- 
chaeta, 126, 127; polyfida, 124; salicis, 
120, 121, 125; salicis-gracilistylae, 125; 
sengokui, 121, 125; septata, 121, 124, 
126; shiraiana, 126, 127; simulans, 124: 
sinensis, 121, 122, 124; tulasnei, 124; 
verniciferae, 116, 122, 123, 125; yunnan 
ensis, 123, 125 
Uncinulella curvispora, 121 


Uncinulopsis polychaeta, 119, 126; shirai 


ana, 126; subspiralis, 125 

Uredo grewiae, 347, 348 

Urena lobata, 130 

Urera caracasana, 359, 360 

Urginea maritima, 62, 63 

Urostigma caulobotryum, 86, 89; ceylo 
nense, 86, 89; infectorium, 86, 90; luces 
cens, 320, 323; rigidum, 90; tsjahela, 
86, 89 

Urtica angustifolia var. abbreviata, 130 

Use of embryological formulas in plant 
taxonomy, 351 


Vaccinium australe, 29; corymbosum, 205; 
crassifolium, 29 

Valeriana officinalis, 62, 63, 73 

Valonia fastigiata, 75, 76, 77; macrophysa, 
74, 75, 77; utricularis, 74-77 

Veratrum viride, 70 

Verbascum phlomoides, 70; thapsus, 70, 
230 

Verbena hastata, 70 

Veronica chamaedrys, 591; humifusea, 591; 
persica, 589 

Virburnum dentatum, 205; nudum, 29 

Vicia dasycarpa, 113; ervilla, 113; faba, 
113; grandiflora var. sordida, 588; 
moatha, 113; sativa, 113; terasperma, 
113; unijuga, 130; villosa, 113 

Vigna sinensis, 130 

Viola blanda, 590: hastata, 592: lanceo- 
lata, 592; neomexicana, 461; palmata, 
590; prunifolia, 592; rostrata, 590 


WALKER, EGBerT H.: Additional introduced 
plants in the Aleutian Islands, 204 

Weisia viridula, 158, 163 

Welwitschia mirabilis, 545 

WHERRY, EpGar T.: The Gilia aggregata 
group, 194 

Wo.Lr, FREDERICK A.: Further considera 
tion of glandular leaf hairs of tobacco 
and of their significance, 224 
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WYNNE, FRANCES E.: Minutes of meetings YUNCKER, T. G.: Nomenclatural notes and 
of the Club. O35 95, 207, 379, 380, 172 a new species of Cuseuta, 570 


474 
X-rays, Effeet of in combination with Zazula echinata, 204 
colchicine and acenaphthene on _ plant 


Zenobia cassinefolia, 28, 29 
tissue, 34-59, 167 


Zeuaitis latifolia, 461 
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